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ICE OBSERVATION AT SEA

Ledovye Nablyudeniya na K. K. Keryugin
Moryakh [Lce Observation at D. B. Karelin
Seai, 1954, Leningrad,

Pages li2-82, 88-92, 92-115,

120-123, 123-1kL2

[Pages L2-82]
CHAPTER IY. ICE OESER'ATION FROM SHORE

Observation of the ice cover from shore is conducted by
hydrometeorolozical stations or ice posts. The stations and
posts make obser-ations daily during the entire ice season. A
permanent base point for ice observation is chosen, ‘rom which

the following data are recorded:

(1) limit of surface visibility out to sea;

(2) surface features of the ice;

(3) proportion of surface covared by drift ice;

(L) types of ice;

(5) distribution of t'pes and rendering of sketches thereof;
(6) drifts

(7) width of fast icey

(8) thickness of ice and snow;

(9) hydrometeorolozical data.

The width of the fast ice and the ice edge, and changes in
the thickness of the ice cover, are determined out on the ice

itself,

Changes in thickness are checked once or twice every 10 days,
and sketch renderings of ice distribution are accomplished on
special order, but all the other observations are made daily at

0900 iocal time.
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Along the northwestern sea frontiers of the U33R (the

saltic, Barents and White Seas), ice cover observations are usumally
performed at 1000 or 1100 while at the Arctic hydrometeorolozical
stations (Kara, Laptev, East Siberian, and Chukotsk Seas), they

are conducted at noon or 1300,

|

§ Ice observations are conducted at the same time each day,
- ) regardless of visibility, In poor visibility (fog, snowfali,
wind-blown snow), causing the surface of the sea to be visible
for less than half the distance to the horizon (less than 1/3

at Arctic stations), the cbservations must be repeated later,

upon 50 to 100% improvement over the former visibility, but not
: later than 0300 on the same day, In such instances, the actual
time of observation, accurate to within 5 minutes, is entered in

a column of the Log of Ice Obsgervations from Shore,

The foliowing data are recorded when observation has to

be repeateds

(1) limit of surface visibility out to seaj
(?) surface features of the ices

(3) width of fast ices

(L) proportion of surface covered by drift ice
(5) types of ice;

(6) distritution of types of ices

(7) drift.

Otservations are also repeated if the ice cover undergoes
significant change during the day, in which case the time is noted,

and, if possible, the factors causing such change.

The thickness of the fast ice is measured on the first,

eleventh, and twenty-first of the month, from 1 December to 1 May,
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in areas of permanent fast ice, and in river mouths and bays.

Supplementary okhservations of ice cover are made at 0700
and at 1900 local time during the navication season if so ordered

by a supsrior auttority.
The ice observation point must meet the following requirements:

(1) maximu: posslble altitude above sea level;

(2) maximum sweep of visibility out to sea, or to the gulf,
bay, strait, etc, as the case may bej

(3) proximity to the shore line and to the hydrometeorological

station,

The observation point must not be less than 15 m above
sea level. Its altituds is cetermninzd cseodesically to within 0.5 m,
In the absence of a level or theodolite, the elevation is deter=~
min~d by plumb-bob or barometric levelling with an aneroid. The
average height o the observer to eys-level (usually 1.5 m) is

arded to tre elevation of the observation p-int,

The point may consist either of a tower constructed for the
purpose, the crow's nest of a light-house, the top of a hill, a

seagide cliff, etc.

The distance of the horizon from the observation point may

be calculated on the formula

D=385 H

H being the elevation of the point in m, plus 1,5 m (the average

eye-level height of the observer.

Given the elevation H of the observation point, the horizon

may be calculated by means of Table 3.
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TABLE 3

VISIBLE HORTZON IV TERMS OF HEIGHT OF OBSERVATION POINT

Horizon Horizon

Elevation
Hautical
Blevabion
jeubical

'mile
rile

[
oN
b S

Y
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(a
23.7
24,6
25.5
26.3
27.1
7.9
28,7
29.h
20,2
0.9
3.6
32.2
32.9
15.3 2 33.5
15.6 & 3h.2
15.8 3b G
16.1 & 5L
16.4 36.0

An orientation post is erzcted at the ice observation point
to determine the direction toward various ebjects on the surface
of the water, It consists of a wooden post 1.5 m high (Fizure 6)
to the top of which 8 plsces of wood or iron rods are attached,
facing the 8 major points of the compass. The angle between each

rod is LkS®, The rod pointing north is distinguished from the
others by attaching a piece of wood, a thick-headed nail, or in
sone other way, The North=South line of the orientation post must

be determined by the t rue meridian.

/
a
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1, The Limit of Surface Visibility Out to Sea

The limit of surface visibility out to sea is determined
in the direction perpsndicular to the shore line, and is measured

in tenths of a km, in bad visibility, &nd in lm, in good visibility.

The 1limit of surface visibility out tc sea is tie maximum
distance to whicl, under ziven atmospheric conditions and linht,
the observer may distinguish th sea surface, and whether it is
free of, or covered with, ice. In the absence of instruments,

determination o visibility is by eye.

A rod ranve=finder or a Vliadimirskiy avgle range-finder

is used to determine the limi: of surface visibility.

The rod range-finder is used to determine distances out

to sea in a fixed direction,

It consists of the 2 vertical woode:: rods, I and II in
Figure 7, each sbout two meters hizh above gmund level, set five
meters apart, the vertical plane passing through the two rods
being in the required direction of observation, A sighting line
to the horizon is indicated on ihe two rods, this being fixed at
a time of clear visibilityi_ylich usually occurs on days when
there is little difference between the air temperature and that

of the surface layer of water.

Rod I (Figure 8) carries a pin, 2, marking the visible
horizon; a scale of distances 3; the end of which G, corresronding
to the hoirizon, must be at the level of the pinj and a sliding
sight slit by fixed to a bar 53 carrying a cateh 1j which holds the
sighter at the desired position. The pin 2, on rod I (Figure 7 and 8)

is set at a level somewhat lower than the observer's eye. The

b -

Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6



. B
Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

observer finds the horizon of the moment t-:rough the aperture
(diopter), L, slonz pin 2a of rod II, wiile the plane t .rough pins
2 and 2a of the 2 rods leads to the horizon visible in 5004
weather (Figure 7). During an cobservation, the sight aperture
(dioptric) is moved upward on rod I, until the horizon visible at
the given moment through that aperture is in line with the pin on
rod IT. The position of the aperture alonz the gcale of distances
marked on the rod is noted. Tris zives the ranze of the visible

horizon at the given moment.

The Viasdimirskiy angls ranpe-finder is erected at the
observation peint and is used tc determine direction and distance

to any desired point on the surface of the sea.

The angle range=-finder consists of a metal rule (alidade),
1,790 =m in length, at the ends of which are mounted verticals
with sishting devices (Fizure 9). One of them, tle ovjective,
consists of a circular aperture with cross-hairs, while the other
has a vertical slit 3, the edre of which carries a mm scale, A
rack-and-pinion rear moves a bar L, with a tiny round hole in its
center 5, up and down the vertical, while the vernier permits
readings to an accuracy o 0.1 mm, The alidade 1 is-mounted to the
bushing 7, in the circular mount 8, by a vertical conical axis 6,
permitting it to be rotated in any direction around the circular
plate 9, bearing a scale from 0 to 360° mounted to the same bushing
and fastened to the base by a nut 10, The axis of rotation 6,
carries a bent rod 11, the snd of which bears a slot and pointer
for accurate reading of the desree scale, 3 adjusting screws 12,
in tre bass of the instrument, permit the plane of the alidade 1,
to be adjusted to the horizontal, while 3 other screws 13, serve

to fasten the base of the instrument to a special me tal plate 1k,

mounted in its foundation, Where the post is of masonry, the plate

-7«
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P

is fastened by means of bolts cemented in. where it is of wood,
wood screws are used. The instrument is nornally covered with

an iron, woode , or canvas hood,

To determine direction and distance to a given point on the
surfacs of the sea, the instrument must be s=t on the true meridian
so thot zero on the horizontal cirele faces northward. Rotating
tte rule until tre objective points at A, the most ctaracteristic
cake on the ed+e of the drift ice (Figure 10a), and then sighting
through the hole in the eyepiece, the rack-and-pinion gear are
rotated until this print corresponds to the junction of the cross-
hairs in the objective. After this has been done, 2 readings
ars taken, one alonz the vertical scale, to an accuracy of O.1 mm,
and one al-ng the horizontal scale from the pointer (to an accuracy
of 19), Then without changing the position of the rule, and
sighting through the eye-piece, the rack gear is turned until a
point is reached a% which the visibtls horizen of the sea is
fixed in the cross-hairs (Flzure 10b), and the vertical scale is

read arain,

The distance to the point on the surface of the sea is usually
calculated on P, V. Melent'yev's nomogram, which carries 3 scales.
The uppermost scale shows the elevation of the instrument above
sea lavel in m. Along the lower scale one plots the difference
in readin-s, in mm, between ihe sightings on the object and on the
horizon. 4ren a rule is placed across the corresponding points
on the upper and lower scales, the point at which the rule intersacts
the curvsd scale in the middle of the chart gives the distance
%0 the object, in km. The direction of the object is read off
along the horizontal circle, calculating from the north to the

east, from O to 360°.
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If the line of the visible horizon (in the direction for
which information is being sought) is blocked by the sheres of a
gulf or bay, island, etc, the cross-hairs are conte-ed on the
shore line in taking reading a. Aiming the objective at the point

being observed gives reading b.

The distance measursd from the instrument to the shore line
is plotted on the middle scale of the nomoéram and the height of
the observation point on the upper scala. A straightedge set along
these two points on the middle and upper scales gives, at the
intersection with the lower scale, reading c, providinz the true

position of this shore line relative to the horizon,

The true position of the point observed relative to the
lorizon is calculated on the formula
Xx= bea+c
The straightedge is now used to connect the point on the
urper scals, corresponding to the height of the observation point,
and trat on the lowsr scale, corresponding to x., The distance

to the point under observation is then found on the middle scale.

The foregoing observation is not performed under poor

conditisns of visihility (fog, haze).

2. Observations of the Appearance of the Ics

By origin, ice is divided into fresh water, sea, and
continental (glacial), Fresh-water ice is formed in rivers and
lakes and is carried out to sea in the spring and fall., Sea ice
is formed locally, in the sea, from salt water. Continsntal ice
takes the form of glaciers flowing from islands and the mainland
coast, They are encountered in the sea in the form of fragments

broken away from the glaciers,
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All these forms of ice differ widely in physicaljchemical,
and other propsrties. All 3 types are rarel, found simultaneously
in the oceans and seas or portions thereof, although this does
occur along the northwest shore of the Atlantic, near Novaya
Zemlya, and at some other pcints, There are areas in which 2 of
the types are found together with fair regularity., vea and fresh
water ice are found near the mouths of large rivers and in
areas of flow of currents related to river outflow, Sea and
continental ice are als: found together, Large quantities of
the latter are seen in the vicinity of larze glaciers, alttough

they may also be found thousands of km from their points of origin,

Continental ice is readily distinguished by its shape, vertical
dimensions, color, and sometimes by clearly-differe:tiated

stratification resuvlting from anmual c:cles of thaw and accumulation,

Sea ice is distinguished by its salinity (declining with
the passage of time). It is cleaner and brighter than fresh-water
ice, and may also be identified by its color shadings, surface

structure, etc,
Sea ice is divided into 2 major sub-typess fast and drifting,

Fast ice.ineludss both solid masses firmly attached to ths
shore (the ice foot in the vario:s stages of its development) and

other ice formations resting on shoals, including drift ice

temporarily stranded. The classification of the‘latter with fast

ice is based primarily on considerations of navigation,

In some seas or portions thereof, fast ice may predominate
in winter, while being neglipible in quantity during the summer.
Fast ice may be identified by the. absence of tidal leads or signs

of motion, avidence of vertical fluctuation, tide cracks, pressure
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ridges at the seaward edge of the ice foot, etc. It is to be

remembered that fast ice may include ice originating elsewhere.

Drift ice comes in a wide variety of shapes, sizes and agse,
and i8 in constant motion under the influence of wind, currents,

and waves.

Fast ice is classified by type. HNote is taken not only of
type but sizes width and length of fast ice, its thickness, and

other indices similar to those noted for drift ice.

Certain transitional stages are hard to identify, cespite

the fact that precise terms exist with which to describe them

(i.e,, the transition from first-stage fast ice ("ice-crusted shore")

to young fast ice, The criteria depend upon circumstances.

Determination of the amouni of fast ice and open water is
arrived at visually, on a ten-point scale. When there is more
tran half a point of fast ice, it 1s rat:d as one point, while less

than half a point is zero-with-asterisk (0%).

Fast ice exceeding 9.7 points but not equal to 10 points
(there being small areas of open water, or polynias with floating
ice) is given as 10 in a square ([iza). A tendency has recently
appeared to supplement this data with information on the width of
the fast ice, permitting a more precise concept of the state

of the ice in the area under observation,

If fast ice and drift ice are both found within the range
of vision, it is desirable to determine both the width of the
ice foot and the amount of fast ice, as for purposes of navigation
procedures it is desirable to provide data on the total "Iciness"

of an area, and the ratic bstween fast and drifting ice.
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Full use of observations along the course of vessels, and

from the air, should also be made in characterizing fasi lce,

3, Deternination of the Propo:tion of the Surface Covered by Drift Ice

Determination of the proportion of the surface covered by
drift ice is made by eye from the observation point on the basis
of the entire sea surface clearly visible, employing the ten-point
scale. The criterion is the relationship between total area
covered by ice cakes and the clear water betieen them., The maximum
ice coverage (consolidation), when no water is visible at all is
10 points., Absence o” ice is representsd by O points, The
gradat ions betwsen these represent various ratios tetwsen ice-
covered to water surface., These ratios, their representation by
points on the scale, and in descrirption, 1s adduced in the ice

coverage (consolidation) scals, siown in Table L.

TABLE
ICE COVERAGE (COW30LIDATION) SCALE
Ice cake~to % ice coverage of
Points water ratio water surface area Description of ice coverage
No ice Open water
1/9 Very open ice (scattered ice)
2/8
31
h/6
5/5 Open ice (broken ice)
6/L

7/3
8/2 Close ice

9/1
No areas of water Consolidated ice as far as the

eye can see

-
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Both the table, and the ¢ ncept of evaluation of ice coverage,
are the work of GOIN [the National Institute of Oceanozraphy]si: An
interdepartmental commission has added the coclu~n, "# ice coverage

of water surface area."

TABLE 5

SCALE OF CONSOLIDATION

([Note]: Taken from Manual for Observations of the Ice on
Arctic Seas, Rivers and Lakes, by Arctic Hycrometeorolosical Stations,

No 31, Northern 3ea Route Press, Moscow and Leningrad, 1953).

Ratic of area covered by ice of
uniform degree of consolidation
to total area over which this
Description ice is found, %

Open water with isolated cakes 0

Occasional cakes 10

Extremely open ice (scattered ice) 20

Very open ice 30

Open ice Lo

Medium close ice 50

Slightly open ice 60

Close ice 70

Very close ice 80

All-but-eonsolidated ice 90

Consolidated ice 100

The scale of consolidation used at polar s.ations (that of
the Arctic Research Institute) is also based on comparison of the
area of drifting ice with that of the intervening water surface,

but is defined with greater detail, in terminology (Table 5).

e13 -

¢
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If the ice is unevenly di stributed over the surtace of the
sea visible from the ice point, the orientation post or a compass
is used to divide the entire visible area into a seriss of sectors,
based on the 8 major directions, These sectors are designated by
tre following numerical indices, adhered to by all hydrometeorocloe

gical stations:

Ssctor N-NE NE-E E-3E 3E-S S5=-SW W-SW W-NW N-NW

Index number I II III IV V¥ VI VII VIII

When ice coverage (consolidation) varies n various points
of each sector of the chart, 3 to 5 point numbers may be entersd
in each sector, the arithmetic mean of which represents the
average consolidation of the ice in the given sector, and is
entered alcngside the index number for the sector, as shown in
Figure 12, The maximum and minimum ice coverage (consolidation)
point numbers in the entire area of visibility are entered in the
corresponding colun of the o servation chart, in addition to
the a-erage consolidation number for the totsl area (the sum of
all the local point numbers in the various sectors, divided by
the number of nuubers, and roundsd off to a whole number). The
point number most characteristic of the entire visible area indicates

the dominant degree of consolidation of the ica,

Wren the consolidation of the ice in various directions is
not uniform, V. L. Tsurikov recommends a careful division of the
visible area into 2 portions, ons containing the ice of greatest,
and the other, of least, consolidation, with an evaluation of the

consolidation in each half,

To facilitate evaluation of consolidation, the National

Institute of Oceanography, in collaboration with the Naval Observatory

-1l -
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at Arkhangel'sk, have adopted the rraphic scale (Flgure 13) proposed

by Ya. Ya. Gakkel',

Gakkel! recommends that consolidation be evaluated separately
for young and clder ice forms, a metlhod that completely jistified

itself in observations in the White Sea in 1949.

L, Identification of Types of Ice

Identifi-ation of types of ice is done sepa-ately for fast
and drift ice seen from the observation point over the entire

visible area.

In determinin~ types of fast ice (firstestage fast ice, fast
ice, ice foot, stranded hummocks, ete), tte most characteristic
tyre see: over a considerable area is entered into the shore-
observation ice-cover log. Other types are noted when they are
~learly identifiable and occupy considerable areas of the visiblse

space.,

In determining the percentage ratio o types of drift ice,
which may, for practical purposes, be divided into 2 major zroups,
lce fields and cake ice, ti0se types are recorded which are present
in considerable quantity, taking 100% as the total area of cakes
of that type of drift ice alons. The accuracy of the percentage

given is adequate if it is within 10%.

Of much significance in observations of type is the shape
of the cake, as the angularity or curvaturs of outline are good

indieations of i-e dynamies and of time when breake=up occurred.

The degree of hummockiness and of destruction of the ice

is also determined at the same time,

\
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Hunmockiness

Observations of the structure of ice cover must describe
the state of the surface, rafting, and hummocking of the ice.
Hummocking is of particular importance, as 1t assists in deter=-
mining age and average strenz h (thickness), factors essential to

compilation of the ice balance.

Hurmocking is measwed by the ratio of area covered by
hummocks to the total ice a'ea, It is measured in points on a
5-point scale, corresponding to the percentage of ice represented

by hunmocks (Table 6).

TABLE 6
HUMMOCK SCALE
([Note]: This scale is from the Manual for Observations
of the Ice on Arctic Seas, Rivers and Lakes, by Arctic Hydro-
meteorolosical Stations, No 31, Northern Sea Route Press, Moscow

and Leningrad, 1953).

% of visible area Av % of ice surface Description of ice
Points covered by hummocks covered by hummocks surface
0 0 Level ice
under 10 Level ice with occasional
hummocks
20-40 about 30 Mildly hummocky ice
L0=60 about 50 Hummocky ice
60-80 about 70 Very hummocky ice

80-100 about 90 Solidly hummocky ice

Hummocks are usually found on ice flelds, floes, large
and small cakes , and fast ice. Hummocks ere divided into those

caused by heaping and those caused by marginal crushing. Hummocks

-l -
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due to heaping are charac-eristic of year-old and w nter ice, and
result from the pilins of large cakes on each other., When the
cakes rise on contact they break and sometime take on a vertical
positions Marginal crushing is usually a characteristic of 2-
ysar=old and polar ice. This results from collisions of cakes
of considerable thickness, with further hsaping-up of ridzes

conslisting of small fragments.along the edges of the cakes.

In characterizing the hummocking of ice by means of the
scale, note is also taken of the nature of the hummocks, i.e,,
whether the hummocks are distributed over the surface in orderly
or disorderly fashion, while the teight is also measured, ithere
small cakes or ridges or barriers are concerned, hummockiness
is not measured on the scale, In such situations, note is taken
of the height of the ridge or barrier, its direction on the

compass, and the distence betwsen ridges or barriers.

The height of hummocks above the surface of the ice cover
must be determined ocut on the ice. If this is impossible, the
hummock height, h, is deterninad from the shore on the Ivanov
perspectometer scale of elevations, based on the distance to the

hummock, d, by the formula h = d tg &« o

The dominant and the maximum height of the hummocks are
usually taken into consideration, In determining the daminant
height, a number of hu-mocks are selected, which are most typical
for the vgiven arsa, and the average measurement is the one recorded.
In some cases it is desirable to recommend aserial photography.
These rhotographs make it possible to calculate both the area
of the hummocked ice and the height of the hummocks (the shadows

in stereoscopic slides being the basis for the latter determination.

It is also of value to estimate the age of hummocks (young,

-17 -
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old, polar), A number of indirect signs are used for this purposes
tha thickness and eolor of the ice at cracks, the weatlering and
thawing of the cakes and hummocks as a whole, the snow cover and
the weathering of shapes, the latter being characteristie of old,

polar hummocks,

Disintegration of Ice

External signs of thaw and weatherins; of ice are of high
practical importance. These signs appear in a specific order,
each replacing the next. In 1943, the Arctic Researci Institute
developed an experimental scale of disinterration based on complex
evaluation of s mptoms of various stages in thaw. This scale
has since been improved as a result of the experiences of observers
working on the Arctic seas, and it has been further modified in

the Fydrometecrolozical Service.

The disintegration of the ice as defined in the scale
(Table 7) is evaluated b; eye in ters of sizns of thaw or mechanical
destruction. In many places thaw and destruction of sea ice
begin near the shore, where this is facilitated by the higher
water and air temperatures, the flow of water from the mainland,
and the rslatively high contamination of water and ice near the

shore.

TABLE 7
ICE DISTNTEGRATION SCALE
([Note]s Virtually the same scals is used in the Hydrometeoro-
logical Service. The Manual for Observations of the Ice on Arctie
Seas, Rivers and Lakes by Arctic Hydrometeorological Stations,
issusd by the Northern Sea Route Press, Moscow and Leningrad, 1953,

presents a give-point scale with more detailed definitions.)

Definition of Ice Disintegration

i2]
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[2]

Complete lack of external signs of disintegzration, No polynias
or puddles, Ice fractures lines are sharp. The surface of the
ice is white.

A few puddles. Cracks., No pclynias,

Many puddles., Some polynias. The edzes of tiie cakes are rounded,

and often form cornices overhanging the water. The surface of the

ice is chiefly white.

Many polynias or puddles, connected by streams, Mostof the ice

has a lace-like surfn~e, but the peninsulas between thaw

polynias are still white or dirty brown, There are submerzed

rams in the broken ice., ¥ushroom-shaped cakes are common. The

smallest cakes are very water-logged, and gray in color.

The ice is in an advanced state of disintepration due to thaw,

and low in the water. Only elevated parts of cakes; very water-

logged, and gray in color, project above the water. As in 3=

point disintesration, the ice sometimes remains in the form of
fairly large fields, but these are so interwoven with thaw

polynias as to resemble lace.

In addition to an estimate of degree of disintegration, the
observation loz should also carry sketches of the various types

of disintegration cornice, mushroom, or ram cakes stc,

Observations of ice disintegration are conducted in all
seas until the onset of the period of stable autumnal ice formmation,
After air temperature has steadily hecome negative, ice disintegration
reporting ceases, to be renewed with the beginning of the spring thaw,
If the observation point is very high or far from shore, check
observations of ice forms, hummockiness and disintegration are

mzde from the fast ice or its foot,
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5, Observations of the Distribution of the Ice and Sketch Rendering

Observations of the distribution of the ice, and sketch
rendering, is made b; the nakad eye, or through binoculars, The
results of examination of the ontire vislble surface o the sea
are entered in the corresponding section of the Log of Shore Obser-
vations of Ice Cover. Observations are nmade daily, but if the
situation does not change over a period of days, it is not
necessar: to provide a complete description of the ice distribution
and the state of the ice cover on each occasion. “uring such
periods it is sufficient merely to note minor chances. At times
when the picture is changing, detailsd descriptions are compiled
daily. 1In making such observations, 1t is necessary to take note
of the most important and governing elements in the ice classific:tion

and the state of the cover.

First on: notes the portions of the sea covered by fast and
drifting ice, respectively, and the course of the boundaries of
each, particularly insofar as the drifting ice is concerned; the
presence of polynias and channels in the fast and drifting ice,
with information as to treir size and posi tion; and any data on

floebergs, icebergs and stamukhi with number, dimensions, state

and location. In addition, note is taken of disintegration or
bunmockinz of the fixed cover, consolidation or break-up of the

drift ice and the appearance of ice blink or water sky, and the
direction in which they are soservad. In addition, record is made

of averything that may describe, directly or indirectly, the thickness,
strength and perietrability of the ice cover, such as the closing

and opening of summer and winter navigation, snow cover on the

fast ice, the nature of hummock distridbution, and heightss thickness

of the drift ice, detailed description of the passage of vessels

.20 -
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through ice, ice erossings, and the beginning and end of any
type of transportation over the icej aircraft runways on the
ice, and the dates they go into and are taken out of services
the initlal and temminal dates of fishing through the ice, and
dates on which hunters have gone out on the drift ice for sea

mammals, etc.

Reports of ice cover in Arctic seas must also specify the
degree of contamination of the ice, judging by external indications.
A special scale (Table 8) is used for this purpose. Observations
of the contamination and color of the ice provide suprlementary
characterigation of the ice cover, which sometimes helps to
provide a more precise picture of ice dynamics. Thus, discovery
in the open sea of a dirty cake surrounded :y clean fields, may
help to resolve the problem of point of origin and direction of
drift. High "contamination" of the ice is also a good sign of the

intensity of thaw.

At one time observers limited themselves solely to noting
the presence of this type of ice. At present, however, it is
recommended that note also be made of the degree of contamination,
color shadings and, if possible, the nature of the contaminants
(organic, minera, ete). The refors, this aspect of the observations
also includes studles of various casual objects on the ice (drift-
wood, bo=rds, piles of stone, buoys), which may; serve as benchmarks
helping to determine drift. Sometimes artificial coloring of
cakes is employed to permit subsequent judgment as to their

motion,

] Siied Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6



Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

TABLE 8
CONTAMINATION SCALE

([Note] From Manual for Observations of the Ice on Arctie
Seas, Rivers and Lakes by Arctic Hydrometeorological Stations, No 31,

Morthern Sea Route Press, Moscow-Leningrad, 1953)

Contanination of ice, as percentags of total
visible area of ice
Clean ice with trace of dirt
Slight contanination (10-L0)
Medium contamination (L0=70)

Dirty ice (70-100)

In performing these observations one must also note the
color of the contaminants (dirt) from the vantage point of the

ice and, if possible, its origin (mineral, organic particles).

The distribution of the types of ice is sketched from the
observat on point every 5 days: on the fifth, tenth, fifteenth,
twentieth and twenty-fifth, and the last day of each month, This
is done on special forms, and to scales of 1125,000, 1¢50,000,

1:100,000, 1:150,000, and 11°200,000,

At Arctic hydrometeorological stations an ice chart must be
sketehed in daily, but if there is no visible change in ice
conditions, this may be om:tted. Once fast ice has reached the
horizon, a sketeh is made only once in ten days, this being

timed with ice~thickness recording,

Sketches of this type are drawn on outline charts of the
- particular body of water whose ice regime is under investigation.

The charts show its shape and boundaries., With the ice observation
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point as center, concentric arcs or circles are drawn at 3 to 5 km
intervals, the radius of t e outermost corresponding to the distance
to the horizon visible from the given point, Radil are also

drawn along the (! major points of the compass,

When filled in, the chart carries the name of the body of
water and of the hydrometeorological s tation, the date and time
the sketch was made, its scale, and the symbols used to describe
ice conditions, Before the sketch is drawn, the form is mounted
to a special map-board (Figure 1L), To sketch in the ice forms
on the chart, the distance to them is measured by the angle
range-finder or by eye andthe direction is determined by orientation
post or angle range-finder, The Ivanov perspectometer may also
be used in determining the location of the ed<es of fast ice,

stranded hummocks, orientation cakes, polynias, etc.

The edges of drift and fast ice, and the contours of each
arga of open water, with iso-lines for the borders of drift ice
of uniform compactness, are entered on the chart in corresponding
scale, The various ice forms are depicted by conventional s mbols,
their frequency of occurrence in approximate ratio to ice
coverage (consolidation) being indicated in points, the numver being
circled and entered in the middle of the givenarea. Other symbols
are used to identify hummocks, ropaks, leads, polynias, cracks,
thaw polynias, cracks due to currents, offshore waver, water sky,
ice blink, and channels cut by ships in fast ice. The charts must
also show roads on the ice, landing strips, and cross-sectional

thickness of the ice if measured within 2 to 3 days, If less

than 2/'3 of the water surfacecof theobject is visible, observations

are shifted to a later hour or the next day. Each blank chart
s0 filled out is signed by the dndividual who has made the particular

observation,

I —
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The following is the order of proc dure in sketching the
ice from the obsarvation post: the clean form is fastened to the
board and oriented to the north (Figure 15a), uhereupon the
shore line is drawn in, then the radial lines, and the boundary
of the visible surface of the sea at the moment of observation

(Fizure 15b).

Next the fast ice edze is located and entered (Figure 15¢).

This is to permit subsequent analysis of the zrowth of the fast

ice, the edge of which will be recorded at various stages of

developm-nt (Figure 15d).

Thereafter the derree of hummocking and of disintegration
o" the fast ice is recorded (in points), and the typical hummock
forms are sketched in, al-ng with stamukhi and stranded icebergs

(Fizure 158).

Ne:t the sdges (boundaries) of open water:anddrift ice
are sketehed in (Figure 15f), tle consolidation (coverage) of
the latter (Figure 15-), and indication as to the type of drift

ice (Figure 15h).

6. Observation as to the Drift of the Ice

Observation as to the drift of the ice made from the ice
observation point is done by eye, or with the Ivanov perspectometer,
the angular range-finder, or the theodolite (sometimes 2 theodolites
are used). This work consists of determining the direction and

speed of ice drift.

In observations by eye, the direction of drift is determined
with the aid of the orientation post or the compass. The log

ghould show the direetion in which the ice is going, i.e., that
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of the 8 major points on the compass toward which the ice is

drifting.

The rate of motion as determined from the shore is recorded
by means of the attached scale (Table 9), which is recommended
by the Hydrometeorological Service and the Northern Sea Route

Administraticn.

It is also desirable to use 2 range posts in a 1line perpen-
dicular to the shore. The otservation is made at the moment when
the most characteristic cakes come in line with the posts, This

increases the accuracy of evaluation by eye.

Mare accurate data on ice drift ma; be obtained by using
the Ivanov perspectometer or the angle range-finder, Sighting the
angle range=finier on a cake previousl, selected, moving one to 3
¥m offskare, its location is deternined to within 0.1° by
counting off on the horizental circle, and to 0.1 mm on the vertical
scale of the eye-piece. These are entered, along with the time
of observation. Leaving the alidade of the angle range-finder
in its previous position, the sight-line is aimed »t the visible
horizon, and a reading is again taken on the scale. After 6
ninutes have passed, during which time the sighting line is
moved along with the cake under study, 8 reading is again taken
along the horizontal cirele and the vertical eye-piece bar, whereupon
the range-finder is sighted on the visible horizon of the sea.
The two directions thus found for the ceke are entered on the
form, the line of drift forming an angle to the right of the
meridian. The direction is recorded to an accuracy of 10°, The
distance between the 2 point.é at which the cake was seen is read
off ‘the chart and gonverted to km. The rate of drift, in km per hour,

is now entered to an accuracy of 0.1 lm, In determining the drift

-
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of ice by means of the angle range-finder, it is necessary to take
into account the maximum dis‘ance from the cake which depends upon

the elevation of the instrument above sea level {Table 10).

TABLE 9
SCALE OF ICE DRIFT SPEED

Verbal description of rate of Rate of motion,
Points motion ¥m/hr
No motion 0
Motion harely discernable 0-0.5
Definite motion 0.5-1
Rapid =otion 1-3

Very rapic motion More than 3

TABLE 10
MAXTMUM DT3TANCE TO CAKE O:5RRVABL™ BY ANGLE RANGE-FINDEK, DEFENDING
UPON HEIQGHT OF POINT

Hdeight of
Height of instrument
instrument above Maximuym distance above Maximum distance

sea lsvel, m to cake km sea level, m to cake, km

10 0.8 Lo 3.0

15 1.1 L5 3.4

20 1.5 50 3.8
1.9 60 L.6
2,2 ‘ Sel
2,6

To observe ice drift by the theodolite alone, the instrument

must be mounted at the observat on point so that the nearsst point
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at the surface of the sea will be viewed from an angle of not

less than bSo, l.e., cakes will be visible from a distance equal
to the height of the observation point. To determine the distance
to the cake under observation, a reading of the vertical angle
CAB (Figure 16) s taken, the tangent to which is multiplied by
the height of point 4R, The readings on the theodolite panel, and
data of wind and ice conditions are entered in the appropriate log

book,

When a series of such observations is made, note is taken
of the time, the point at which the cake is located at various
moments of observation along the directions obtained, and the
distances entered on the radial zraph used to work out piloting
observations (Figure 17) or on the vector circles of Molchanov,
Druzhinin and others. by connecting the extreme points via a
straizht line, we obtain the mean direction of drift, which is

taken off the chart by a protractor,

The rate of drift is calculated by measuring the disteance
between the first and last points on the drift of the cake under
observation, and by dividing the magnitude thus ottained by the

duration of observation, in hours.

To avoid errors in distance the theodolite is always sighted

at the same point on the cake,

If the point is high enough a single theodolite suffices

to dete-mine drift for 20 to 25 km, to satisfactory accuracy (10%).

To speed the calculations it is desirable to compile a
table with values for distances and speeds at the given point

calculated for vertical and horizontal angles.

Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6



Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

Observations over ice drift b: 2 theodclites requires that
a base line more than a km in length be laid out. The m:jor base
line 1s laid out on a smooth spot, 1f po sible, and is measured
not less than 3 times with a steel mezsuring tape. The permlssible
maximum error wust not exceed 0,071, Observations of the drift
o a chosen target cake by 2 observers are taken every hour, at
moments azreed on in advance, the horizontal verniers bsing read
(at ten-minute intervals). Lxcessively acute or obtuse anglee
must be aveided in taking bsarings on cakes by theodolite. 4ngles
of less than 30° and more than 150° must not be used uncer any

circumstances,

A1l observations on ice drift must be accompnaled by deter-
mination of the speed and direction of ths wind, ths eonsolidation
of the 1ce in points, its appearance, cake sizass, and degree of
hunmocking, All these data are entered in the log. Cake sizes

and hurmockinsss are entered as remarks.

In ice drift obsservat ons, the sea in wiict this is being
done must te taken into considerat on., Tnssas without tides a
ginzle observation suffices, but in seas with tides, depending
uo-n the t pe of tide, the ohservations are run continuousiy for
12 or 25 hours, 8o as to cover a complete halfeday or full-day tidal

cycle,

Elaboration of the observations is performed on mm-ruled
araph paper, on which the s!oreline and the 2 points have been
drawn to a specific scale. Circles of any desired radius are
drawn from the 2 points of observation, The circles are divided by
degrees (tre northern portion of the meridian being 0°), and
represent the visible portion of the horizon (Table 18). These

circles replace the protractior, and thereby greatly speed the
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lappinz of the points tius obtainad. The true azimuchs ol the
cake ting observed constituting corrected readings on the
‘orizontal vernier, are applind for each point. The point at
which these azmiths intersact is the location of the cake al any
given moment. The points obtained are successively connected by

lines, and these reveal ths cours: followgd by the cake.

The line connscting the initial and terminal points of the
drift shows ths mean direction cf drift o’ the cake, and its length,

divided by the time rapresents the average rate of drift.

The final data are entered in a loz, following the form

shown in Table 11,

TABLE 11

Drift Wind Nature of ice

Time average speed, consoli-

Date Series Hrs Min direction speed direction m/ssc type dation FHemarks

In the "Time" colu:n, the time, to the minute of tne start
and finish of each series of observation is entered. The data
entared in the remaining sraphs apply to the entire series of

observations,

R, N. Ivanov Perspectometer (VB-L9)

This instrument designed to measure wave c:mponents is
also used for a number of other types of observations including

ice studies (Figure 19).

The instrument permits determinstion of drift, surveying
of tre edse of fast or drift ice, measuring the height of hummocks

and stamukhi,, and determination of the size of cakes and leads.,

-2 -
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The perspectometer is incapable of replaciny the rod range-
finder, as its application is limited by its rrid to a radius of

2 to § km,

In seas with tides, in which the tide is not smaller than
0.5 m, all o!served magnitudes are corrected by a factor, ¥, which
depends upon the rlhase o” the tide at the moment of observation.
This correction is in:d by subtracting the sea level at the
moment of th: reading from the elevation of the optical axis of
the instrumsnt over zero on the tide vage. The s a level is

determin~d by dip rod or by readin- fr.m the mareozraph tape.

The Ivanov instrument consists of a monocular (1/2 of a

6 X % prism binocular), fixed in pirmanent position to a stand
carrying a prism, The stand rests on a knife-edze and is fastened
by screws to a mount, which is rigidly attached to a disc rotating,
witr stand and tube, over a dial. The dial also is capeble of
rotatineg through 360° around its vertical axis, and is fixed at
any given voint by a stop screw. A micrometer gage enables the
tube to be sizhted very accurately on the desired glacon. The
dial is connected to a suprort with 3 1i7t screws rasting on a
platform fastened to the foundation o the Snstrument. A level

in the disc is used for levelling the instrument in place.

A perspective srid (Figure 20) is mounted in the monocular.
The zrid has a distance scale, 1, whick iz used to measure the
distance to a point on the ice, in km. One graduation on the
distance scale :n the portion from 0.1 to 0.3 corresponds to 10m
on the surface of the sea while it is 50 m betwsen 0.3 to 0.5, 100 m

between 0.5 and 1.0 and 500 m hetwsen 1,0 and 2.0.

The vertical scale, 2, to the right of the distance scale
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permits determination of the height of ice formations, such as

hummocks, stamulkhi, 1icebergs, etc.

Each graduation on this scale represents 0.5 m, as indicated

toward the top of the zrid.

The lines h'mbered 3 on the yrid which join horizontal line b,
representing the surface of the sea, correspond to parallel lines
5 meters from eac! other. These lines are used to cetzrmine the
~ate of motion (drift) of ice moving parpendicular to the bean

of vision,

Tn setting up the VB-L9 perspectometer at n ice obserration
point, no*e must be taken of the data at the top o the pz2rspective
~rid. Thus, if H = 10 m, the instrument i. set up 10 m above
gea lovel, in whict case the horizontal line L of the grid is
focussed on the imaze of the visible horizon at sea, and the 0°
mark on the dial must face North, Next, ths stop screw fixes the
dizl in place. In addition =ach perspective grid csrriss a
constant, HF, representing the product of the height of tie

instrument foundation and the focsl length of the viewing tubs.

(a) Ice drift detersination with the ¥2-L9 ma. be by 3 methods,

depsnding up-n the direction and rate of motion of the floes,

The first method is used when ice is drifting rapidly along
the shore, the second when ice 1s moving slowly in the same
direction, and the third, when ice is drifting toward the shore
(in the area of the ice observation point) or away from it. In
the first case, the distance is determined along the range scale,
and the direction to the best target cake along the graduated dial.
These data and the time, are entered in columns 2, L, and 5 of a

special log (Table 12). When six minutes have passed ths observations

Sanitized Cop Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6



Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

are repeated and again entered in the journal. J3hould the direction
toward the cake change by 20° or more durin~ the 6 minute period,
that is the end of the observation, Should the position have
ehanzed by less than 30°, a third observation is made 17 minutes
after the initilal reading, and = on, until t'e total change in

the position of the cake has changed by 30°,

All the angles of diraction and measured true distances to
the cake are entered on a sy:cial tlank, where the position of the
perspactometer is also .not=d, The points thus entered are
connected by a broken line wnich describes the actual drift ~f the

cake (Figure 21).

By connecting with a straight line tle extireme points of
the course followsd by the drifting cake, we finc the general

direction of drift (GDD) of the cake for the period o' the observations.

The general speed o” drift (G3D), in m per sacond for the
sntire p=riod o” the o iervations is calculated on the formula
GSD:E-E‘-E—O
in wiich L is the distance betiween the extreme positions of the
cake in m, taken off the plot, and t is the psriod of observation,

in minutes.

All tie results of elaboration of ice drift observations are

entered in columns 12 to 15 of the log as srown in Table 12,

When drift is insignificant, i.e,, when the angle betwsen

the points recorded at 6 minute intervalsis less than 5%, rscourse
is had to the second method of determining drift., In this
situation the perspectometer is mounted so that the best target
cake drifts along cne of the horizonal lines of the perspectometer

grid, a stop-watch being started when the target passes one of the
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2 outside sloping lines of the grid (10 n). Wren the target pssses

the other outside sloping line, the stop-wate: is shut off,

The results of the stop-watch and perspectometer dial

readings are entsred in columns 2, L, 6, and 13 of the log (rable

12). If tle target cake drifts from left to right, 90° is

added to the dial reading. Vice versa if the Jrift is from right

to left, 90° is subtracted.

The speed of drift is calculated on the formula

20K
vETE

in which v is the rate of drift in m per second, 20 is the distance
in m between the 2 sloping linss on the zrid, K is the coeffici=nt

of correction, and t is the period o observation in seconds.

The dava on the direction anc rate of drift are entered in

columns 1k and 15 of the los.

When the third method of ice drift determinaticn is used,
the perspectometer is mounted so that the sighting axis follows
tte divection of drift. Then the bust target cake is brought
into line with one of the sraduations on the distance scale, At
the moment that this occurs a stop-watcn is set in motion, I% is
turned off after a brief period (100 to 150 seconds), wien the
cake having traversed ssveral zraduations on the scale, is
directly in line with one of them. The readings of the disl, the
stop-watch, and the difference in readings along the distance
scale representing the space traversed by the cake during the
period of observations, are entersd in columns Ly 5, and 13 of the
log (Table 12)., Tf the cake drifts toward the ice-otservation
point 180° is added to thte dial reading while if the drift is away

from that polnt, the same number of degrees is subtracted.

- 33 -
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The rate of drift, v, is calculated on the formula

V--«-—:—-

in which % 1is the distancs traverssd by the cake in my, t is the

duratizn of the drift in saconds, and K is the factor of corraction.

The data thus obta’ned on the Jdirection and rate of urift
are entered in columns 1L and 15 of the lovs To coniert the rate
of drift (given in m per second) into km per hour, onz multiplies

by 3.6,

(b) The =dee of fast or drift ice is sur eyed along the
disvance scale of the perspectometer, along which distances are
measured to tyrical points along the edie, A, E, C, D, %y ~, Gy
not more than 2 km from the instrumsnt (Figure 22). The angles
toward these points are read off on the dial to anm accurac. of 1°,
The distances and angles thus found ars entered in columns L and
% of the log (Table 12)., The true distance to each point on the
edge is calculated by multiplying tile .ata o.tainsd by the

variable factor ¥ {eolumn 9). The product is entered in cclu-n 10.

The directions an® true distances are entered, in accordance
with the appropriate chart scale, on spscial forms where the point
at which the perspsctometer has besn mounted is first indicated.
-The ice edze line is found by comnecting the series of points on

this form,

(e) The height of hummocks and stamulchi is measured on
the el=sation ucale of the perspectometer, to the right of the
distance scale. The measuremsnt consists of determining the
number of graduations on the scale tetween which lie the entire
height of the hwmmock or stamule:i from foundation to base. This

number of graduations is multiplied by the value of each graduation

-3 -
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on the scale of elevations, and by the -ariable factor K. For
precise measurem=nts it is rec-mmended that the height of the
highest hnmmock, and also of 10 hummocks of standard height be
measured, the mean eing taken. All the observations are entered

in columns 7 and 11 of the lov (Table 1?).

(d) Deter-ination of the horizontal dimensions of the
cakes and leads by means oi' the perspectometer is done along the
distance scale, In doing so, the distance to the forward and the
rear edges o’ the cakes or lead are noted, whersupon tie readings
arg multipled by the variable X, The difference ‘n ths true
distances expresses the lengih of the floe or lead in km, The

data are entered in columns 5 and 10 of tle log (Table 12),

7., Determination of the “idth of the Fast Ice

Determination of the width of the fast ice is performed
not less than once ‘n 10 days after completion of observations
of the state and motion of thes ice, The width is always msasured
in the same direction and toward the most open portion of the
gea, usually perpendicular to the shore, Wit this object, a
rarze rod is erected :t a point close to the ice oiservation
point. Markers are Irozen into the fast ice sume
for use with this rod., The distiance between the markers depends
upon the width of the fast ice. If it is wide, they are set up

0.5 or 1 km apart, but if narrow the: are spaced 100 m apart.

The width of the fast ice from the shore to the edge may

also be paced off or iaped off from the range rods on the shore.

The width of the fast ice must be detemined to within 10%
of its maximum possible magnitude, Thus, if it 1s 5 to 10 m wide,
the accuracy must be to within one m, while it is from 5 to 10 km

1t must be to within one km, ete.

- % -
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If the width of the fast ice cannot be measured directly
from the ice itself this is done from the shore by eye or with

the aid of the Ivanov perspectometer or the angular distance zauge,

If the width of the fast ice undergoes very little change,
there is no need to repe-t the measurement, All that is needed
is to mount a high marker at the edge. Then it is easy to

deterine changes in width without going out on the ics.

If for some reason it is entirely impossibl to measure the
width o the fast ice but the poin' to which it extends is known,
its width in km is entered in the appropriate column of the graph

by takin-s a map reading,

If visibility is limited, or if the edge of fast ice is beyond
the horizon, the visible sea surface, in km, is entered ‘n the

column for fast ice widbh and shead of it the symbol . o
[See paze 37 for Table 12]

If no determination of the width of the fast ice has been
made, this column is crossed out, and the reason for the failure

to conduct an ovservation is stated in the remarks,

In addition to determi
in the usual direction, the entire visible fast ice is examined

each day by eye.

6, Observation o” the Thickness of Ice and Snow

Observation of th: thickness of ice and snow consists of:

(a) systematic measurement of the full thickness of the ics,
In certain cases, thls is supplemented by measurement of the thickness
of various layers of ices the clean, transparent, bluish or greenish

layer, the ice without significant contaminants (hydrophytes, silt,

- % -
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L

Object (ice edge, target

cake, etc)

Direction of object, in degrees

on horizon:al vernier

Distance in km, as

per distance scale

Distance between cutside converging
lines on grid, converted to m

Ho of graduations on

scale of elevation

Value of one zraduation

on elevation scale, hy

Variable factor K

Distance to objsct km

Height of objecty, m

Distance the cake has

floated, m
s Time of observation of
W

drift, seconds

E Direction
Components of drift
5 Speed

-
o
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sand, etc) or enclosed spaces (air bubbles), the translucent, the
cloudy, and the completely clouded ice, opaque due to large amounts

of contazinant and air spaces;

(b) deternination of the thickness of the snow cover over

the ice, and under certain conditions of its density;

(c) measurement of the thickness o’ the sludze below tle

ice; and

(d) description of characteristic processes invol-ad in the

arowth, dsformation, and thawing o the ice.

Systenatic measuremsnt of the +!ickness of the ice and
snow, and of the submerged sludge, is performed in order to study
the zrowth ancd thawing of the ice rover. Therefore, these
measurem-nts are taken daily at the bezinning and end of the winter,
while, in midwinter, when the ice cover has stavilized at more
than 20 cm, the frequency o measurement is reduced to 6 times
per month: tie first, sixth, ele enth, sixteenth, twenty-first
and twenty-sixth, The measurements are made at 2 spots on the ice
which are always the sane, 2 base point, and a suv;:lementar;
point, which are chosen for the fact that they ars undis:urbed through-
out the winter. These points must be at spots where there are
no strong currents, flow=off o surface ~ater, or the effects of
other factors wrich mi-~ht tend to distort the course of the

natural growth and thawing of the ice.

These points must be on fast ice which csme into existence

at the test spot,

The base point is some distance out from shore, whers the

depth is over 2 m, The supplementary point is closer to shore,

-3
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but where the sea is deeper than the maximum thickness attained
by ice in the glven area. Should port hydrolics and other structures
exist the supplementary point is fixed at ons of their water-shed

portions.

Observations of the thickness of the ice, snow and sludge
are run during the entire period curing which the ice cover is capable

of sustaining the weight of a human being.

The points chosen should also be near the ice observation
point or hydrometeorological station, Each time that a thickness
measurement is to be taken, 2 holes, 30 to LO m arart, are driven
into virgin ice, After the thickness of the ice has besen measured
the holes are azain packed with ice, and markers are frozen intoe
them to prevent repeated use of those locations, as this would
provide unreliabl findings., 0One may also set up a permanent rod

for systematic determinations of the rate of ice thickening and thaw,

The followinz may be used to drive or drill these holss:
an ice-pick, a borer, GGI and GGI-L7 ice drilis, and hand-operated

ice drills,

The ice-pick (Figure 23) is the simplest of the devices
used to drive holes in ice, anc consists of a wedge-shaped metal
rod, 4O cm long, the top of which becomes a socket, 20 cm in length,
in which a wooden han:le is seated. The handle, thick at the bottom,
becomes thinner toward the top, and has a balleshapped tip to
prevent it from slipping out of the hands. Oreater security is
providsd if a hole be drilled below the ball tip, through
which a loop of cord or thong is fitted, which is worn on the
rand, A steel tip is welded %o the point of the metal rod, the

tip being sharpened by a file, when necessary.

-3 -
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Ice-picks may be of various desizns, such as the besellad
forn shown in Figure 2k, the Coukchi-style chisslesnaped pick in

Fizure 25, or that with a round cross-s-ction shown in “izure 26.

In breaking ttrough the ice 1% is important that the walls
of the hole bs vertical, and not narrowed at the botiom. The sides
o the hol® should be somewhat conical in fom only if the ice
1s more than 0.7 meter thick, whrile i~ thickness is sreater
than a m, steps are cut in the side, anc the conical shaps
is considerably increased (Figure 27). This type of hole is rather
like a prospectlng pit. To remove the ice from a dry hole o7
little depth, an iron scoop shovel is used, or a pail if the
depth 1s considerabls., If the hole fills with water, the ice
is taken out with a net (Fizure 2.), or an iron shovel with a

sieve center (Figure 29),

A borer (Figure 30) is used if the ice is of consideratle
thickness, and it is difficult 4o make tie hole with a pick. The
of a steel tube about = meter long, with a diameter
of 7 to & cm, anc a wall thickness of 2 to 5 mm. - The bottom of
the tube has 10 sharp 12 mm teath, elliptical in siape and facing

a 1little outward,

The top of the borer consists of a massive, demountable
metal head, somewhat below which 3 holes are provide.. An iron
bar is passed through 2 of these, which face each other, and is
usad to rotate the tool, The tiird is to permit escaps of air,
The borer is driven into the ground by a b or 5 kg sledge ha'mer,
which is brought down on the metal head, After every few blows,
the borer is taken out of the hole and cleansed of accumulated

ice whereupon it is replaced in the hole with a finger over the

- ko -
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air-hole on the tube, and th~n quickly pulled out of the hole,

which is thus eleansod of res’dual ice fragments.

About L0 minutes are normally raequired to bore a hole

through 2 m of ice in this manner.

In work on very thick ics, a saries of borers of varying
1sngths are rsquired, s:ort on>s being used first, and longer

onas as the hole zets desper,

when the thickness of the ice cover exceeds 50 cn, ice
drills are used with higzh ef ectiveness, in addition to the icee
oick and the borer. The drills now in widest use are the G3I, the

G0I-47, and the hand ice drills vsed in polar seas.

The GGT ice drill (Figure 31) consists of a 10 cm d-ill and
a metal handle fastened to the top of the drill, The drill bores
through the ice under the blows of a sledge-hammer on the handle,

whict is rotated after each blow,

The QO0I-L7 ice drill (Figure 32) is of later desizn than
that previously discussed., The G3I-L7 drill consists of a brace
and bit., It comes in 2 sizes, For ice up to one m thick there
is a 105 em bit, while for thicker ice the bit comes in a 200 cm
l°nzth. The bit is of steel L0 um in diameter with 120 mm pitch.
The point of the bit is tempered. The work begins by fastening the
brace o bit tightly by means of a bolt., Drilling is performed
wit® the brace rotated at an even pace, anc slight pressure on the

handle. The rate of drilling is 0.2 to O.L m per minute,

The hand-operated ice drill (a large brace and bit) is

usually used in polar ice (Figure 33). This drill is of steel,

with a brace-holder of iron tubing, welded on. The handle has a
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hand=hold dowel mi.way in its length. Either one or 2 persons
operaie the drill, depending upon its sharpness, an the thickness

and solidity of the ice.

(a) ¥easurement o the thickness of the ice in the hole is
perforned immsdiately after -etermination of the thickness of the
snow cover, TFirst the snow thickness is measured and then 0,2 to
0.% m2 of ice is cleared of snow whereupon the hole is driven,

The trickness of the ice is determined by an ice gauge, which is
lowsred into the hole with care to keep it in a vertical position,
The anglsd end is hooked under the bottom of the ice. The first
raading is taken at the graduation of the gauge even with the

bottom of a board placad on the ice ans tius -iving the thicknsss

o the ice, The szcond reading is to determine the depth of water
in the hole. This reveals how deer the ice is floating in the water,
Both measurements ars taken with care to read within one em accuracy
at Ui different points in ths hole, The findings are entered in

the corresponding column of the log.‘ The same procedure is followed
at the second hole which is 20 to 20 m from the first. 3Snould the
measurements in the 2 holes show marked divergence, readings are
taken in a third hole, If the snow cover is considerable, the
possibility sxists that water may accumulate on the surface of the
ice beneath the snow, The thickness of this layer of water is
measured with the snow zauge and entered in the "“emarks" column

of the log, In such a case, the thickness of the ice expresses the
difference in the measured depth of immersion of its undersurface

and the depth of the layer of water on the¢ ice.

When these readings have been taken, the depth of the sea

is determined.

In certain cases it is also necessary to know the distance

- L2 -
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from the hole to the shore, Lependin: upon the purpose of the
observations, the distance is measured in either way or is deter-

mined approximately by eye.

Various instruments, a descr ptinn of which is siven below

are used to measue the thickness of the ics.

The sliding ice page (Figure 3L) consists of 2 partss the
orimary long part divided into cm and hasing a trans erse jaw at
900, and a movable jaw slidin on the other. When the 2 jaws
touch, the pointer attached to the movable Jjaw si.ows zero on the

main section scale,

To measure the thickness of the ice, the fixed porticn is
imme>sed in the hole, and its jaw is hooked :eneath the ice, wiile
the mo able jaw is then fitted closely to the top of the ice,

wkict has bsen freed of snow.

The ice =aze with angle brace (Tigure 35) which is the type
most widely used consists of a straizht w rastick, 200 em
long (sometimes 230 ¢n), 6 ¢+ wide and 2.5 cm thick., Poth sides
of the rod have scales, one of which is used to measure ice thickness,
and the other, snow thickness. T.e zerc point on the scale is 20 cm
fr m the bottom of the rod which is faced with iron and is at the
same level as the top of the anzle brace which is hooked beneath
the ice when measurements are made. The angle brace also of wood
is fastened flush to the yardstick by screws. The cm markings
are painted alternately white and black upward from the zero point.
Every 10 cm there is a number marking, The other side of the rod
also carries em graduations on a scale 100 cm in length but reading
in the opposite direction sc that the gzero point is at the top of
the rod, This scale is designed to measure the thickness of the

8now cover,

'
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The enllapsible ice gage (Firure 36) like that witr an angle
brace is in very wide use, It is a wooden em graduated rule 115
em long (250 for tlose %o be used in polar hydrometerolozical
stations), L.5 cm wide and 1,5 em thicks A metal cross-piece
which wren in horizontal position, rests so that its top is at
the zero point on the scale is 15 em from the bottom of the rod.
The metal plece rotates around a bolt and is actuated by a pullrod
attached to it and held in place by 2 collars mountsd on the rode
The top of the pullerod is looped for ease in manipulation., The
metal crossepicce is placed in the ertical position when the
gauge is lowered and raised from the hole and in the horizontal

for grirping the bottom of the ice.

The steel ice gauge shown in Figure 37 usually comes as
part of a set with the 53°T-L47 ice drill previously described and
is designed to measure ice thickness in the aperture drilled by
that tool. The gauge is usually 105 cm long but is also made
in a 200 cm length depending upon the thickness of the ice cover,
The urper portion of the steel sauge terminates in a wooden
handle, A bit lower there is a hilt to prevent the gauge from
slipping through the hole in the ice. The bottom of the gauge
has a support lever spring-actuated and a catch which engages
the sprines and holds the lever in a position normal to the gauge.
One side of the gauge carries a cm scale,zero being e en with the
top of the spring-actuated lever when the latter is in the
horizontal position. When the zauge is placed in the hole, the
lever is held by the catch and thus parallel to the gaugs. when
the zauge is raised, the catch is released by striking the
undersurface of the ice, and the lever thus hraces undsrnsath in

a horizontal position,
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The stati~nary ice pauge (Fizure 38) is a rod within a
tube frozen into the ice. 2 probes are attached at an angle t~ the
bottom of the rod. ©One s de of the rod is a graduated cm scale.
Tt terminates in a handle at the top. To measure thickness the
probes are immersed below the ice and readin's are taken on the
scale along the rod, at the graduation even with the top of the
ice. Should the tube project above the ice the height oi this
portion of the tube has to be allowed for, Thus, the stationary
ice gauge permits daily observations of ice thickness and

elimin tes the heavy lsbor involved in sinking new holes,

The ice thickness register (Figure 39) like the stationary
ice gauge makes possible dailly readings of ice thickness all winter
long without heavy labor. iaily readings are of particular
interest during the periods of growth and disintegration of the
ice cover, The thickness rezister consists of a tube 2 to 3
centimeters in diameter and 3 m long. A piece of metal is
fastened to the bottom of the tube and at right angles to it
being held in place by a bracket. 7t carries 2 pulleys the purpose
of which is to reduce the friction on s cable passing through the
tube and carrying a hollow 20 cm glass float with a 1ift of 2
to 3 kg at its end., The other end of the cable with a pin fastened
to it as pointer is fastened to the surface of‘;;; ice, The »
thickness of the ice is read off by means of the pointer along a
vertical rauge set on the ice alonsside the tube. The whole
apparatus which rests on a wooden block at the surface is frozen
into the ice., The tube is filled with keroseme to pravent water
within it from freezing. When ice thickness measurement is taken
the cable is unfastened, brought into fully vertical position and
the float is allowed to rise to the undersurface of the ice. The

displacement of the pointer relative to its initial position, which

- hf'/
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is read off on the gauge at the beginning of the measurement, makes
it nossible to judze changes in the thickness of the ice. To
prevent the float from freezing to the ice it is kept at some
distance below e°xcept when measurements are under way. The
readings are double-checked from time to time by digzing a hole

near the ice register,

The Georgievskiy floatins ice gauge (Fizure LO) is also a
permanent device., It consists of a tubs frozen into the ice
conta ning a zauge w th cable attacted. The cable connects the
gzuze to & yoke with probes at both ends. Attached to the yoke
are floats which move freely al-ng the tube, Kerosene is poured
into the tube to prevent formation of ice within it. Vhen an ice
reading is to be “aken a dowel is removed from one of the holes
in the rauve and the rising float carries alon: the c¢able and
the gauge bhar until the probes touch the bottom surface of the ice.
reading is taken at the gage graduation which appears at the
o of the tube. To prevent the probes from freezing in the ice
zage bar is raised scmewhat and held in place by a dowel. :he
tube is fastened to a cross-bar wiich is frozen Into the ice.
This facilitates maintenance of the apparatus in working condition
until spring when the heating of the tulie causes the ice around
it to thaw with special rapidity, The surface thawing of the ice
may be followed by the use of a simple attachment consisting of
a small tube placed over the main tube frozen into ths ice, the
added tube carry ng 3 lever arm and proba, The surface thaw
is moasvred by determining the distance between the top of the

main tube and the bottom of the second tube placed over it,

{b) Determination of the height of the snow co.er, like
observations of the snow content of ths ice has the purpose of
revealing the thickness of the snow, the nature of its various

strata, the forms of snow formations on the ice (smooth or uneven

- Lb -
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surface, drifts, sastrugi, etc), and is conducted before the ice thickness
readinss, i.e., while the snow cover is undisturbed. In addition to deter-
mining the time when the snow cover was formed (whetner it is fresh or old),
this data makes it possible to identify the period required for certain ice
processes to take place, ice djnamics and the rate of growth of the thickness
of the ice. Thus, if there is no snow on hummocks in winter, this is evidence
that they are of recent origin, while a thick deposit of snow means that the
fce formations thus covered are quite old. Tre direction of the sastrugi is
a good indication of the prevailini winds anc therefore of the drift. An
anomalously large or snall amount of snow over larige areas of ice testifies
t5 corresvonding peculiaritiss in meteorolo-i-al conditions which are

of interest in ice prasdiction.

These ovservations to which little atteation was paid in the past
are now included ‘n the prosran of work un.er ail conditions: at hydre-
meteorolozical stations, in cross-sections taken when travelling, in

shipboard and air-borne exreditions.

Tetermination of snow tlicknesses by means of a portable woodsn or
metal snow gase, which is placed on ice having undisturius¢ snow cover at
a point 3 to S m from where a hole is to be drilled in the ice. The gage
are taken at various points in th: vicinity of the hole, the average of these
being recorded, The atsence of snow at any of these points does not affect
the manner of taiing an averave., Al snow cover readings are entered in

the corres:onding column of the log,

A snow scale {Table 12) has teen developed by the Arctic Research
Institute to classify the snow cover, Use of this scale may be recommended

for observations taken at the Hydrometeorological service stations.

The portable wooden snow gage (Fizure Ll) is mada of a smoothly
planed stick of dry wood 1£0 c» long. It is L cm wide and ? cn thicke The
bottom of the gauge has an iron tip 5 cm long. The scale is in.cm the gra-
duations being of the same color as the numbers which represent tens of cm.

Zero on the scale is at the base of the iron tip.

e b7 -
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TABLE 13 SNOW COVEE SCALE
Description
No snow or occasional patches of snow

A thin uniform snow cover not over 5 cm thick or alternation of smooth snow

cover and patches of bare ice constituting 30-70% of the surface in question

% to 20 cm snow cover with small sastrugi drif.s and sections of bare ice
constitutine 10-30% of the area in question. Drifts cover humrocks up to 50 cm
“ ap snow cover, more than 20 c. on the average with no spots of bare ice and

large drifts sometimes covering hum ocks up to 1.5 m in height,

A metal snow gzage (Fisure L2) is used at polar aydrometeoroloical
stations and in cases where the snow cover is so dense as to present considir-
able resistance to the wooden raze, which wears out rapidly as a res-lt.

It is sometimes impo:sible to get throuzh the entire thickness of snow with

the wonoden sage.

The metal gage is of circular section and its ¢n graduation begins
at zero which is at the point tip. The anzled top of the zage is notcned te
carry a 3~o~ waight scale, which i3 suspandad Ly a rine with the zage

drivel into the snow,

(c) The thickness of the sludge below the ice 1s measured by the ordi-
nary ice =aze, the slud~e pole, or the Dobrynskiy or Groshev sludge 7azes. The
sludee becomes visible as soon as the hols has been uriven as individual lumps,
the form of which is characteristic nly of sludege, float to the surface
of the water in the hole. The rage reading is taken at the moment when the
observer, raising the pare, finds that it has boco ¢ difficult to turn it
{n various direct’ons, indicatins that the angle bar of the gage has come
into contact with the bottom lajer of the sludse. The graduation on the
gage corresponding to the water level in the hole 1s entered into the log

book., The reading is done vwice, an avera-e teing taken, rounded off to one cm.

The sludre pols (Figure L3) consists of a gage graduated to cm scale and
having a hinged heavy iron rod bow at its bottom. shen the pole is sunk into

the hole the bow is swung upward an: is in the same plane as the pole. To

- LB -
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determine the thickness of the sludige, the bow is brought into horizontal
position by means of a thin cable held by ? hooks running alon:side the pole.
It i3 then 3lid un.er the sludge. After the reading is taken the bow is
lowsred to its bottom position for removal from the hole. The reading, less

the titickness of ice corresponds to thickness of sludze beneath the ice.

The Dobrynskiy sludse gage (Firure LL) is for measuring slucge of
~veraze consistency not over L m thick., The gage consists of & wooden pole
about 5 m long and 5-7 cm in diameter, to which & pronged steel tip is
fastad by screws. The tip con_ists of " flat fingers LO-50 cm long diverging
at an angle of ?0-20°, The gage is sracuatec by dscimeters, The thickness
of the sludze ls measured by immers ng the gage :n ths hole and raising it
slowly until ths pron-s meet the boitom of the sludge, a point where further
riaisns of the pols sncount-rs some resistance. 3 or L readin:s with the

pron~s in various positions sre averaged.

The Groshev sludge gage board (Figure L5) permits measuremznt of layers
of sludge more than L m thick. It consists of a sheet of iron 100-150 m long,
10 cm wide and 2-3 cm thick. The end is pointed to permit drag-ing. Its
own weight {vp to 30 k) enables it to sink readily tirough the entire lazyer
of sludge. Hole are bored at each end of the board anu cable, marked
off avery 0.5 decimeter is threxded through them. A ring through which a
second cables passes is attachted to one end of thz cable at about 150-170 cm
from the board. When the sludze gave board is lowersd into the hols it is in
a vervical position., To bring it into position below the botto: of ths sl:dge
it 1s moved into the horizontal position by evening out the ends of the
~ablas, After the reading has been taken alonz the cable gzraduations the
noard is again moved into vertical position and removed from the hole in

this manner,

(d) Characteristic processss typical of the thawing of the ice.
Observations of the thawing of the ice from the surface begin with

the appearance of the first signs of thaw and are usually

-9 -
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conducted once a day alweys at the same hour. The simplest device
for determining extent of thaw is a wooden gage, painted white

25 $o 35 mm in diameter and 2 m long frozen into the ice bafore
thaw begins (Figure L6). A zero mark is made on the gage, level

with the surface of the ice, Daily thaw is measured from this mark.

In taking a reading it is desirable to lay a board on the
ice alongside the zage, Th: distance from the bottom of tie board

Lo the zero mark represents the daily thaw reported in ecm.

To observe disturbance o the natural surface of the ice,
dirtying it must be prohibited as must urnecessary walkin: nzar

the gage.

The log should carry the date and time of the reading, the
identification number of the zage, total thawing since the beginning
o measurement, daily thaw, the trickness of the layer of thaw
water at the gage, the color of the ice surface and various other

obzervations,

9. Observations of Hydrometeorolozical Factors

Observations of hydromvteorolozical factors are made at the
ice post a few minutes (5 usually) before the ice observations.
Aside from a visibility report this consists of determination of
the speed and direction of th- wind and a descriptio.. thereof
(mild, intermittent, constant), its duration (when possible),
and determinition of factcrs o disturbance in accordance with
regulations. Data on changes in sea level and the temperature of
the surface layer of the water at the time closest to that of the
jco observation is obtained from the log o' the nearsst adjacent

hydrometeorolozical station. If the ice observation point is near
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such a station and thare is a lup:a of nobt more than one hour

between the ice and metenrolozienl oisarvabtions Lhe wind spead and

direction may be taken from the m=tcorolosy loz.

6. Orientation Post
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Figure 10, Method of Sighting the Angular Range~-finder

Elevation (H) of angular range-finder above sea level, m
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Figure 11. Melent'yav Nomogram
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Figure 12. Ice-sketch Chart

(a) No fast ice; (b) Fast ice cruss-hatched
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[Pages 88-92]

The varic:s types of obs: vations made during expeditions
o.8r the ice rsach have their own spesci"ic charactoristics. Below

we present the procedures in the most important types of obsservatioms.

1. Studies of ice cover involve a desrription o  the nature
of the ice in the area under observatii-n, measurement of its thlckness
th= taking of suecimens for laboratory tests, and determination of

ice structure.

In addition to description of the nature of the ice cover
(level, hummocky, disorde~sd hummocks, pressure ridges in particular
directions, etc), symbols are used to enter on the map a fairly

detailed description of the ice over a atrip about 2 km wids.

Toward this snd cne notes: the me ian and maxixum height
of hvmmocks, other d 'mensions of hummock formations, leads and
cracks, witr their widths and directions, pudiles, the dimensions
of thaw water pools and onen water caused by currents, expans:s
of oren water, with indications of size, the state o© the road for

all typ-s o” transport, channels cut by icevbreake:s, elc,

In addition to the foregoinz, observations of iee cover
invelve visual or semiinstrumental surveys, witl. investigation of
the areas and conditions of formation of hummocks, ropaks, stamukhi
Strandsd pressure ridge, pressure ridzes, bottoa ice ra‘ted ice,

ete,.

Measurement of the thickness of ice consists of dete wmining
its total thickness and, separately, that of ths transparent layer
and of inferior raftings, sludve, and the height of individual

T —
ropaks above the gensral lewel,

.63 -
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Specimens for laboratory study are taken by sawinz out a
block of ice, Trom this a column 2qual in height to the full thickness
of the ice, and 5 to 10 cm across the base, is cut out b:. hack saw,
This column is then cut into individual segments t to 10 em high
wlhich are placed in containers with froundeglass plugzs and sent to

the laboratory for special studies, as described below.

To determine salinity, alkalinity, and the sulfuric acid
content, 1.5 to 2 cubic decimeter speeimens are taken from the
same block, or 5 cubic decimerers w'en complete chemical analysis

is desired,

To deternine the ice structure, the thickness of the various
layers in the block is measured with the centimetsr rule., The
total of the individual layers measured must equal the total
thickness o the ice, The results of the measurements are entered

intc the corres-onding columns of the ice cross-section log.
Ice is classified by structure as:

(a) pure, srensparent, usually blue or areen, free of visible

solid particles of hydrophytes, silt, sand, etc, and of air spaces;

(b) translucent ice clouded due to the presence of many fine

bubbles;

(c) very cloudy ice, opaque due to the presence of many air

Spaces, and to various types of fo-eign matter,

These 3 types of structure are encountered in every conceivable
combination, Trey may arise for different reasons, and be distributed

variously within a single piece of ice.

Two particularly characteristic types of air spaces are found:
T ——

) AY
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spheroids of t-ue spherical or elliptical shape, or irregular forms
of various types, showing a general uniformity of design in all
dimensions. These spaces are characteristic of winter ice. They
are classified by size into large spaces (1 to 10 mm in diameter)

and small (0,1 to 1 mm),

Another type of srace, the prozhilka ("vein," "fiber,"
nfilament") is elongzated, and usually originally a spheroid.
This type is characteristic of the thaw period. They are sometimes
quite lonz, and sometimes united into fine, thread-like spaces.
They are always normal to the layer, l.e., vertical, and are 0.1
to 1 mm in diameter in the initial stage, but then becomes larger
as the ice decays further, to become fine channels 1 to 5 mm or

more in diameter,

As these canals becoms larger, tle ice bscomes friable and

the crystals lose contact with each other, ultimately dscaying.

2, Observations of snow cover invelve a description of the
nature o the snow cover in the area where the work is carried
on, with determination of the thrickness and density of the snow

over the ice,

The thickness of snow is measured in a radius of 3 to 1

steps from each ice test hole,

Snow cover is classified as followss fresh, sastrugi, firnm,
s0lid packsd, solid frozen, sinzle layer, multi-layer, crystallized
but not frozen compact, compact frozen crystallized, fine or

large-grained, loose powder, mounds and the directions of their

crests, thawing, wet, water-permeated.

The thickness of the snow over a 3-km profile is mcasured
at both ends and in the middle of the strip, and at additional

points if it is more than 3 km,

- 65 -
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Density is determined gravimetrically or volumetrically.

Gravimetric determination employs a portable snow scale.
This consists of a metal cylinder, balance weights and a shovel
(Figure L9). The c;lindsr, 60 cm in height, terminates at tre
bottom with a thick ring, 50 square centimeters in area, the edge
of which is srounJ sharp. At the other end tlrere is a handle and
ring by means of whrich it is suspended from the balance. The face
side of the eylinder bsars a centimseter vernier. The balance
consists of a rule divided into 2 unequal arms by a knife-edge
surport, The long arm, carryin; a grooved metal weight, is
divided into 5 km graduations, The metal cylinder is suspended

from the end o“ the short amm,

Before each weighing, the balance is tested by being brought
to equilibrium., This should set in when the zero marking on the
vernier is seen trrough the hole in the weight, 1, and when a
check line on the pointer 2, permanentl; fix=d to the rule,
corresponds to one on the hancer, If this does not produce
equilitrium, the weight is moved along the arm until it is obtained,
and the reading at this point is taken as zero in weighing. The
whole balance is tren lowsred into the snow, by means o' the sharp
bottom edge of the c:linder, until it touches the earth at which
point the thickness of the snow is read off on the vernier on
the outside of the cylinder. Befors the cylinder is raised from
the snow, the shovel is forced beneath it, to prevent any of the
contents from escaping., The cylinder is turned upside down on

removal, snow adhering to the outside is removed, and it is weighed.

If the snow is greater than 60 cm in thickness, i.e., thickar
than the height of the cylinder, its thickness is determined section

T
by section and the results are then totalled,
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The weicht of the specimen in grams wil! squal the number
vead on the halance arm wultiplied by 5 (that being the value of
each graduation). In cm? the vnlume of the specimen will equal
the reading on the scale multiplied by 50 (the area of the c;linder

bass).

Thus, the density of the snow is ~xpressed in terms of the

ratio of the weight of the sample to i.s volume, i.e. & = —%-.

In ice density studies, attention is also gi.en to the ice
crust in the srnow deposit., The thickness of the crust is measured

and an appropriate sup lementar: entry is made in the loz book.

If the density meter described above is lackinz the density
of the snow is determined volumetrically. A specimen of known
volume is thawed and the volume of water obtained therefrom is
Jatermined by means of a graduate,

Here the density of the snow is expressed by the ratio of
1

the volume of water to the volume of snow, i.e., O aal Given
2

data on the thickness of the snow laysr and its density, one may

calculate the water sup-ly it containss H = O h,

Water density is also measu ed by means of the volumetrie
snow meter (Figure 50) consisting of a brass or zinc cylinder
carryins a cm scale. The top of the cylinder bears wooden handles
solidly mounted on a metal rod passing through holes in the
cylinder. In the bottom of the ¢ linder there is a slot cut
halfway through its perimeter, and serving to seat a valve.3.

The valve slides freely into the c;linder slot. It is grooved

hal fway round its perimeter and is equipped with a handle.

The bottom area of the snow meter cylinder is 100 e,

ummnau.
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Ac~essory equipment for the volumetric snow meter consists of 2

pails with tightly-closed covers and a graduate bsaker,

Calculation of snow density is facilitated by the use of the
Table for Dete mination of Density of Snow Cover which gives the
ensi ' of snow to an accuracy of 0,01 on the basis of the readin:s

on the cylinder scale and the rule of the snow density meter weights.

To calculate the density of the snow by msans of tae volumetric
snow mete-, the cilinder reading is multiplied by 2, Then, finding
the value thus obtained, anc that ~epresentinz the reading in the
heaker with the thawed snow, the densit. of the snow is read off

in the Table accordingly.

It has been found that wet snow falling in large flakas
has a density of mors than 0,5. The dersity of fresh snow fallen
when the temperature is slightly below freezingz is close to 0.l
At lower temperatures, z=nd in the absence of wind, density declinss

to 0,05-0.03.

3, Hydrological observations along the ice strip under
study are made in accordance with speseial programs and usually
consist of measurements of the depth of the sea, deternination of
water temperature in the lce hole, notations on current, and

salinity sampling., In rare cases there may; also be observations

of the swell of the seza which sometimes appears in ice-free

areas (beyond ths fast ic na; dudged by fluctuations in
water level in the ice hole due to the dissemination of waves from

the open sea beneath the ice cover,

These studiss are accompanisd bty meteorological studies of
the strip consisting of observations of the general state of the
weather, determination of the velocity and direction of th: wind,

Wire——
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and of air temperature. Metsorologicel observations are made at
the base point of the strip and are then repeated svery 2 hours

nntil all work thereon has tee~ completed.

Observations of fluctuation in level must be run on a
closer schedule along the shore and parallel to the ics studles,

in the area of the study.

All ice and snow observations on the strip sre entered
into a special loz for the recordin; of ice and snow on ice, while

hydrometeorological otservations so into the corresponding lois.

In addition to log entries, the work on the sirip includes
sketches of the nature of the ice surface, and other data on the
state of that surface, Note is also taken of all special features
surrounding the observations such as may serve as supplementary
data in the analysis o the entire complex of observations on the

ice,

The field data on ice and snow thicknesses is then used to
plot a cross section of the ice field on mm-ruled graph raper. The
horizontal scale chosen nmust be such as to permit the total length
of the drawinz to be embraced within 25 to 30 cm. Thus, if the
strip under study is a km long a scale of 50 m per em is convenient,
while for a 10 km strip a scale of 500 m per cm is desirable ete).
The axial horizontal is the base from which the snow depth is plotted
vertically above it and the ice depth below it. The points thus
entered are connected by lines, the upper of which represents the
snow cover along the entire strip, and the lower represents the
thickness of the ice. Foreign matter on the ice is also shown in
the corresronding scale. The horizontal line shows the azimuth

of the profile and the idantifying numbers of the points corresponding

- 69 -
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te the numbers of the stations (holes) in the ice. {n addlitlon,

the thickness of the lce and the height ol the snow cover, the

mmber of tha strip and of the research party, the date of the
observations, the coordinates of the inltial and final stations

(holes), and the horizontal and vertical scales, are also shown

on the profile.

The drawing must be signed by tlLose who drafted it and by

the chief of the hydrometsorological station or the field party.

Fipure L9 Figure 50

Gravimetric snow m Volumetric sncw m
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[Pages 92-115])

CHAPTER VI

ICE OBSERVATIONS FROM SHIPSOARD

A1l vessels make ice observations during the duration of the

ice season, These obser -ations includes

(1) types of ice;

(2) boundaries of fast ice and open water;

(3) consolidation of drift ice;

(L) ice forms and the state of the cover;

(5) navigability of the ice;

(6) supplementary descriptions of the distribution of the

ice and the state of the ice cover;

(7) observations of th: thickness of the ice and snow;
(8) hummocking, and the heights of hummocksj

(9) compression and opening of the ice;
(10) ice drift;
(11) ice mapping; and

(12) hydrometeorological factors.

Observations 1 to 9 above are made from the flying bridge,

the height of which is entered in the journal,

Ice and snow thickness studies, and de ermination of hummock

heights when the vessel is tied up, or during drift with the ice,
are made directly from the ice by the methods set forth in the

preceding chapters.

Ice drift observations may be made from the vessel, when

not in motion, or directly from the ice,

Ice mapping, i.e,, the rendering of sketches while the vessel e
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1s under way or drifting, and determination of hummockiness by
the point scale is done from the flying bridge, and zoverned by

changes in the ice panorama,

All shipboard ice observations are accompanied by hydrometeoro-
lozical observations, o which the most important have to do with
visibility, the rate and direction of the wind, and the state of

the surface of the sea,

The further elaboration of ice observations from shipboard
require supplementary navigation data including copies of the
shipboard watch logs, maps with the cowrse o the vessel, data

on verification of the ship's compass, etc,

Observations of the ice by the ship's company on merchant
vessels are made at the same time as hydrometeorolozical observations:
0, L, 7, 17, 16 and 20 hours and at intervals between these, if
mark=d changes in ice conditions be noted. Note is also taken of
time of approach to, entry into, and i?a ing the ice, the peneral

direction of the ice edge teing noted accordingly,

Special ships (ice‘reakers, vessels carr; ing expeditions,
and ice patrol vessels), make virtually continuous ice obsarvations,
in any case not less frequently than within a radius adequate for
reliable determination of ice compactness, in other words, 0.5 to

1.0 nautical miles,

All ice observations are entered into the shipboard hydro-

meteorological log,

Certain components of the ice situation to wites ice types,
the boundary between fast ice and open water, compactness of drift

ice, determimation of the forms of ice and of the state of the ice

-72 -
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cover are identified in a manner analozous to obs:rvations from

the shore, but with due rezard to the specific conditions governing
observations on ths open sea, The navigability of the ice, i.e.,
the degree to which tha ice may be penetrated by ships, is deter=
mined by a c mbination of factors ineludinz ice forms, consolidation
(coverare), trickness, huamockinz, and the height of hummocks,
mechanical and physical propertics, state of disintegration,

svate of closing or opening and drift.

Direct observations of the listed factors and recording of
the speed of the ship through the ice as well as the speed of the
ship's engines enter into determination of penetrability of a given
ice area for a given vessel, a matter of great importance to ice

navigation,

The simplest o the existin~ scales by which the passability
of ice to ships is determin-d by eye, is the L-point scale compiled

by the iretic Pasearch Institute (Table 1L).

TABLE 1L
SCALE OF NAVIGABILITY OF ICE BY SHIPS
Conditions of Ice Navigation
Ice readily navigable by given type of vessel which does not have to
change course and shows virtually no deeline in speed,
Tce presents complications for navigation by given type of vessel
which proceeds at reduced speed and headway, with changes in eourse
Ice navigable by given type of vessel with diffieculty. Procress is
by foreing the ice,
Ice impassable to given typa of vessel, which is incapable of moving

under its own power.
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Several types of ice navigability scales are in use in the
Hydrometsorological Service. The first of these was developed in

193 b V. V, Timonov and N. N. Gaken (Table 15).

TABLE 15
NAVIGARIT.ITY SCALE FOR VESSELS FROCEEDTNG ALONE OR LEADING CONVOYS
IN DRIFT ICE
Conditions of Ice Navigation
Vessel proceeding through open water, or as if water wsre open.
Vessel makes slight changes in course, aveiding large cakes.
Vessel maneuvers between cakes, occasionally changing spzed.
Vessel performs sharp maneuvers, speed changing from forward to
stop and reverse, and smashes ice bridges.
Vessel advances, barely holding its course, changing speed, buckinz,
and advancing ver, slowly.
Progress is solely by bucking and advance is measured by ships's lengths.

Efforts to advance are unavailing,

In these scales, the penetrability of the ice is measured
by a point unit which identifies the difficulties encountersd by
the particular vessel in its rrogress tirough the ice. The unit
of renetrability is based on the existinz ice conditions, and
note is mads of wheth r the vessel is moving independently or is
being convoyed by an icebreaker, The compactness of the ice and
its median form during the period of the given observation is

entered simultaneously in the corresponding column of the log.

The scales adduced provide only a qualitative evaluation of
the passability of the ice, while, for operaticnal purposes, it is
exceedingly important that there be at least an approximate evaluation

of the absolute speed of the vessel through the ice. To meet this

need, the Arctic Research Institute proposed a nine-point scale

(Table 16).
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TABLE 16
ICE NAVIGABILITY SCALE

Description
Vessel navigates ice at same speed as open water.
Vessel navigates ice at better than 5 knots
Vessel navigates ice at 3 to 5 knots.
Ves:sel navigates ice at 2 to 3 knots.
Vossel navigntes ice at 1 to 2 knots.
Vessel navigates ice at 0.6 to 1.0 knot..
Vessel navigates ice at 0.2 to 0.5 knot.
Vessel navigates ice at 0.1 to 0.2 knot.
Vessel progsresses at a rate measurable in ship's lengths per watch.
Vessel brough to a standstill by severe ice cond.tions, and can

make no further progress.

Four years of studies by the Naticnal Institute of Oceano-
graphy in the White and Paltic 3eas since the war resulted in the
development of a scale of maximun speeds for vessels of various
classes and types per point unit of ice navigebility. This was
develonad by V. 7. Tsurikov. They are presented in a 7-point

grale (Tavle 17).

This s-ale envisares 5 types of wooden and metal ships,

classified as follows:

(a) wooden saiiing vessels with auxiliary engin:s of up
to 300 hp, with no ice shielding, reinforcement, or hull lines designed

for ice navigationj

(b) wooden sailing vessels with auxiliary engines of up to
0 hp with ice shielding, reinforcement, and hull lines designed

to resist ice squeezej
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(c) metal steam dnd motor-driven vessels, with engines of
%0 to 800 hp, and frei~hters of 800 to 6000 hp, without ice
shielding, reinforcement, or hull lines for ice; and freighters
witr reinforcerent and 300 to 6000 hp engines but lacking ice
shielding; also sea-going tugs of 300 to 1800 hp, not specially

equipped for navization in ice;

() freightors of 800 to 3000 hp with veinforcement and
jce shielding; steamers and Meosel v-ssals equippad for ice-
breaking, and having 370 to 6000 hpy icebreaker tugs of 300 to
800 hp with hull lines for jce and reinforcements; and icebreakers

of 800 to 1800 tp with and without bow propellers;

(e) icebreaksrs of 1800 to 10,000 hp with and without bow
propellers; 2000 o 10,000 hp icebreakers with bow propellers;

steam ice-cutters of 2000 to 10,000 hp.
{See paze 77 for Table 17]

A second scale developed by Tsurikov (Table 18) dascribes

the navizaiility of ice to vessels under icebreaker convoy.

This scale provides for 3 typ-s of convoys, depending on
the num er of ve:sels:s I more than 3; IT small convoys of 2 ships;

ITI a single vessel under convoy including tow by a short line.
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TABIE 17

ICE NAVIGABILITY SCAIE FOR VESSELS (F VARIOUS CLASSES SATILING ALONE O CONVOYING UTHERS

Speed of vessels of various
classes, as % of open water speed
Wooden ships, class Metal ships, class
Deseription of Ball Unit a b c d e
Ice readily navigable by any vessel
Ice readily navigable for self-propelled vessel capable of navigation
in ice, but presemts difficulty for other ships with metal hulls.
Sometimes impassable for wooden:ships without ice shielding
Ice readily navigable far icebreaker, but difficult for ordinary
vessel equipped for ice navigation. HNavigable only under convoy
for other metal ships. Impassable for wooden ships without ice
shielding NC-65
Icebreakers navigate with some difficulty. Other metal ships can

navirate only in convoy. Impassable for other ships NI, NC

Iceb‘ea.kers navigate with difficulty. Other vessels equipped for

ice Javigation can proceed only in ccnvoy. Impassable to all other ships NI, NC
Icebreakers navigate by ramming. Other vessels equigped for ice naviga-
tion can proceed only in convoy. Impissable to all other ships NI NI, NC

7 Ice impassable to all ships NI NI
Note: NI, navigation impossible; NC, navigatiun only under convoy; CO, navigation by crushing only.
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TABLE 18

PASSABILITY SCALE FOR 3HIPS UNCER ICE REAKER CONVOY

Points Description of Point Unit
I Vessels may navigate 'y themselves (without icebreaker convoy).
II Vessels may navizate a channel previously opened; if under ice ‘reaker

convoy, largs convoys may pass.,
III Large convoys are dif*icult and uneconomical, but 2 to 3 vessels may

fol ow an icetrsaker at over 300 m,

Iv 2 to 3 vessels may follow an icebreaker at more than 300 m. Ships are

occasionally nipped and have to be iroken out.
v An icebrsaker may be followed by 2 to 3 vessels only if they are in
close forwation, If the spacinz is increased to 300 m, the lead
vessel is imuediately nipped and has to be broken out,
Only one vessel may be convoyed at a time, and then on a short towline.
VII

Convoying is impossible, as a 8! ip cannot follow an icebreaker even

on a short towline, altroush the icebreaker itself is able to move,

If it is impossible for icevreake: convoy to proceed, the

appropriate notation is made in the log.

The major shorte minz of these scales of ice nzvigauility
for shirs under icebreaker convoy, lies in the fact t:at they
describe not the penetrabilit: of the ice, out that of a channel
dependent upon propsrties of the vessels convoying and being
convored, Unfortunately, lack of data made it impossible for
V. L. Tsurikov to determine the rate of speed of convoys in these

various navigability point classes.

Ice navigability data is entered in a spacial journal, the
title page of which tears the name of the vessel and other essential

data: the sea teing navigated, the date on which the observations
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began and ended, the time sone, the name of the captain, and of
trose making the observati~ns, The log should e made up of

ledger=size sheets in 20 columns (Table 19).

When ves els are in narrow wate s, the ice o servations

should be written out in words, Column 3 is for the general true

course, which is taken from the navigation chart on whick it is

plotted, Column L shows the mean speed of navigation along the
gensral course, in knots. Column 5 shows the speed of the vessel

in knots, relative to the ice, when the vessel is in constant motion.
All speed data relative to the period of observation are noted,

and the average is then taken, Columns 6, 7, 8 and 9 are for
characterization of engine function, assuming a four-screw vessel.

If the given vessel has les: than L propellers, the excess coluwns

ars crossad out.

If the oi:servations are from a s:eamer, the steam pressure
and screw revolution psr minute are entcred in these columns. If
a Diesel elrctric vessel is involved, the volts and amperes of
current in the engine circuits and the propeller revolutions per
minute are entered. In preparing the logz blanks, space is
provided for the foregoing under the general caption for the N

Golumns under discussion, "Engine Records."

The ice forms are entered in column 10 with the median form

ahove and the remaining forms below a horizontal line.

Column 11 is for the extreme dimensions of the predominant
type of cake and it is desirable, when possible, to note the extreme

dimensions of each type of cake,

Column 12 is devoted to a description of the consolidation,
or specific coverage of ice. If this is not uniform in the various
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directions, the average valus is ~iven, and supplementary consslidation

data is provided in column 19.

Columns 13 and 1k are for ice and snow thickness measurements,

the mean thickness Eaing entered above a lire, or underlined,

Hummockiness, on the 5 point scale, is entered above a line

and the height of hummocks in m is entered lelow it both in column 15,

Column 16 ssrves to record compression and opening out of
the ice. If this phenomenon is not uniform over the visible surface
of ths sea, or if it follows a clearly-defined directicn, additional
remarks are ~nterad in column 19. The point scale in use is

specifically stated.

Column 17 shows the penetrabilit: o” the ice in points
according to one o” the existing scales, The indication of the

scale used is obligatory.

Column 18 is for the finsl findings of certain meteorological
components (direction and spsed of wind, visibilit; and tempsrature
of the air)which have a direct effect on the condition of the ice.

The data for this column are entered in the meteorology log.

Column 19 serves for all suprlementary data not going into
the preceding columns and characterizing hydrometeorolo-ical and
ice conditions which shed 1izht on the conditions of ice navigation
and the passability of ice by a vessel, Entries in this column
may be in whatever form the observer desires or it may be used

for sketches and similar purposes,

The last column, 20, is for remarks and addenda by persons
elaborating the material in the log or su-jecting it to critiecal

examination, —
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The supplementary descriptions of ice distribution and the
state of the ice cover are obtained as a result of examination of
the entire visible surface of the sea by the naked eye or by
binocular, These data are entered in the appropriate columns

of the lo-s,

Shipboard o.servations and entries should include the

following:

(1) whether the ship is in cpen water or ice. In the latter

case, in what type of ice;

(2) in what areas the sea is covered with fast ice, and the

direction of its edre;
(3) unusual aspects of the distribution of the drift icej

(L) polynias, leads and channels, with da.a as to dimensions

and locationg

(5) floeberss and stamulchi, with indications of number,

dimensions, nature and location;

(6) water sky and ice blink, and the directions in which

ther are seen;
(7) piles of ice ashore, with height and shape;

(8) disinte ration or hummockinz of fast ice, and closing

or opening of drift ice.

In addition to the foregoing, everything that describes the
strenzth and navigability of the ice cover is noted as is the
functioning of the icebreakers and the convoying of vessels, i.e.,

data from vessels encountered on route as to difficultles in ice

-8l -
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navigation, ice communication, use of the ice for the laying of

roads, tracks, airstrips, etc.

Various methods are used to deter ins the ice and snow
thicknes. along a vessel's course., The simrlest consists of
eye judoment of the thickness of cakes which are often forced up
edpewise alongside the ship. The snow cover over the sea ice packs
may form a very dense mass. it may e frozen to the ice. However
the boundar: between them is very clearly seen when cakes stand

on edge.

When the wessel is moving at low speed, ice and snow thickness
may be measured by mears of a round pole painted alternately uvlack

and red every 10 cm.

A hook on the bottom of the pole is enga-ed teneath the ice,
whereupon a reading is taken of the mark'ng even with the top of

the cake.

These measurements are more accurate if a wooden rod 50 cm
lonz and 7 to 10 cm wide is cast on the ice. It is fastened to

a line.

One of the major shortcomings of these methods lies in the
fact that ice and snow thiclkmess are deter@ined from the deck of
the ship rather than from the captain's bridge. Most of the other
ice observations however are made by a single person who is usually
on the bridge and is compelled frequently to climbt down to the

deck for this other purpose.

The methodsof measuring the thickness of ice and snow
directly from the wing of the captain's bridge is described below.

First it 1s necessary to dete-mine the height of the observer's eye
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above the surface of the ice. The height of the bridge above the
current water line may te obtained from the ship's plans to which
the elavation of the observer's eye abovae the deck is added. Due
to the crange in actual water line =8 the vessel consumes fuel
and water, the el 'vation of the o .erver's ;¢ above the water

must te rechecked constantly zs the sh'p navigates in ice.

P.%, Ponomarev on the icebreaker "Yermak," used the fullowing
method of measuring the thickness of :ice and snow., 4 rod gage 80
to 100 em long with docimeter graduations vainted alternately
white and ‘lack (Fizure 51) was mo . nt d ilencath either orbot.
wings of the brid-e at the level of the u;per deck. It must be
abso’utely rorizontal, and normal to the side of the ship. It i:
sighted against the backsround of the ed-es of upturned cakes
which permits the thickness of the cake to be determined in
proportion to the graduations on the gage. Greater accuracy is
obtained if zach sraduation on the rage is somewhat 1l-ss than 10
em as it is closer to the eye of the observer than to the cake,

This magnitude is found by thre formula

Ho - H H
He =——T10em=(1-=)10c¢cn
He de

in which H is one rraduation, Hy is the elevaticn of the observer's

eye, and H, the elevaticon of the gage above the ice.

At night, the point of observation is 1it in such a manner
as to illuminzie the rod and the cake to be measured, To make
allowance for changes in the ship's draft during a voyage, a special
table is compiled, from which corrections are made for different

drafts.
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.r‘e-
Date and local time, hrs and min

Location of vessel
General true course (in degrees)

Rate of navigation along
zeneral course (knots)

Rate of speed rel. tive to ice (knots)

Left

Middle

Right

Bow

utw Jod suonroAey

ueuzoFyred sutdug

Q
(o]

predominant
Ice forms
other

Dimensionsof nearest cake, m

Consolidation of ice, points

predominant
Thickness of ice
other

predominant
Snow thicknsss, cm
other

Hummockiness, in points
Height of hummocks, inm

Closing a1 d opsning of the ice
(identify scale used)

Navigability of ice
(identify scale used)

Weather
Additional data -

Notes on examination and
elaboration of foregoing, signed
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Another simple method of measuring the thickness of the ice
and snow while the vessel is under weigh conaists of the use of the
range-finding grid of an artillery binocular (Figure 52). The ocular
of this type of binocular has a prid with large graduations,
corresponding to 0,01 of the distance from the eye to the object
t0 be measured and small praduations ev'ry 0.005, On this basis.
the thickness of the ice and snow is calculated on the foriula

h = 0,001nH,
in which h is the thickness of the ice and snow, n is the reading
on the binocular reticule, and Hy is the elevation of the observer's

eye above the ice.

I:¢ and snow thickness are read off on the binocular grid
only when the cake selected is precisely at its nadir rel tive
o the observer, The error in reading is 0,01% of the elevation

of the eye, i.,6., when the bridse is less than 10 m, it is one cm.

B. I, Arnol'd-Alyab'yev invented an illuminated gage to
measure ice and snow thickness at night, and also when a vessel
is moving at hizh speed. It consists of a slotted pisce of wood,
A (Figure 52), 120 em long, with a cross-bar, B, Wooden rollers C
are fastened to both ends of the cross bar. They su:.port the
sage against the side of the vessel when it is lowered from the
bridge, There are holes at D to suspend the gage (Fizure 5L).
Four electric bulbs, taking their current off the ship's circuit
are housed in the hollowsd interior of the gage. Frosted glass,
with decimeter graduations painted black at every other graduation,
covers the top and sides of the gage. The bottom of the gage

bar remains uncoversed to illuminate the ice.

The accuracy to which ice and 8snow thickness are determined

by the Arnol'd-Alyab'yev shipboard gage is one to 2 em, when the
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ice 18 10 to 15 em thick, and 2 to 2 cm when it 18 20 to LO cm thick.
T-e advantage of this type of shipboard gage lles in the ability

to make observations at night, directly from the bridge of any

type of vessel, i,e,, from the same point as that from which all

other ice oltiservations are made.

V. I. Arnol'd-Alyab'yev also invented with 3. M. Andreyev,
a portable instrument consisting of a flashlight projecting a
spacial scale on the cake to be measured (Figure 55), The
battery used to f-ed the apparatus is housed in a shoulder
carrving case, the brightness of illumination depending on the
strength of the light source, and the accuracy with which the
scale is projected on the surface being dependent on proper
focussing of the objective, The value of thes vernier graduations
varies with the elevation of the instrument above the ice. These
data are carried in a table attached to the instrument. A shorti-
coming of the instrument is that it can be used only during the

Polar night.

A11 the foregoing msthods of measur.ng ice and snow thickness
while the vessel is under weigh have as previously indicated some
deficiency. To meet these deficiencies, V. L, Tsurikov and I. L.
Pervakov invented an instrument which permitted not only measurement
of the thickness of ice and s-ow, but determination of the width
of cracks in ice, the horimntal dimensions of small cakes, etc.

This instrument covsists of a metal bar, 1, 60 cm long, to one end
of wirich a bracket 2 is affixed, carrying a short tube 3, parallel
to the bar (Figure 56a). A collar L, carrying a stop screw 5,

and bearing a metal frame 6, within which is mounted a 1L x 22 cm

rectangle of plexiglass moves freely along the bar. A rectangular

grid with praduations every 2 cm is applied to the plexiglass, one
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of the squares being further zraduated at 2 mm intervals (Figure
%6b)., The bar has graduations every cm from a zero point coinciding
witl the end of the tube which is used as eyepiece. The ice and
snow thickness are measured from the bridge wings, the sparueck

or the main deck, by measuring the number of spaccs on tne grid

occupied by the cake seen through it., The value of each space

on the grid in em will thus be ? gg in which Hg is the eye elevation

o' the observer and 1 is the distance frou eye to grid.

The distance between eye and grid is selected with consideration
of the elevation of the observer in such fashion as to facilitate
mental calculation of the number of squares. Allowance is also
made for tre draft of the ship., The rositi'n of the gzrid is
changed whensver the draft changes by more than 20 cm. The
number of divisions on the zrid cor-esponding to the projection
is counted at the moment the target cake is at the nadir. 10 to
20 cakes should be measur:d at each determinati-n of ice and snow
thickness, the mean thickness then being recorded, The frequency
of measurements depsnds upon the problems to be faced. As a rule
deternination of ice and snow thickness is made every nour during
National Institute of Oceano-raph expzditions., Should starp changes
in thickness occur, the inte val is reduced to 20 or 30 minutes.

nethod have shown that it is accuraie to

within 3% of the thickness of the ice under measuremsnt.

In all ice thickness measurements, it is also desirable to
note the strength of the ice (friable, viscous, etc) and its gross

structure (monolithic, porous, stratified).

When a vessel is at a standstill in the ice, or drifting
with the ice, all thickness measurements for ice and snow are

performed by the methods and instruments described in the section
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on shoreside ice observations, Should a vessel be at a standstill
for long periods in ice less than 20 cm t:ick, the thickness
is measured daily at noon. When the ice is over 20 cm thick,

it is measured once in 5 days,

Determination of hummocking and the height of hummocks from
the ship is performed in accordance with the a propriate point

scale, and the Ivanov perspectometer, as previously described.

If no perspectomefier is available a naval range-finder may
be vsed, #With it, distance to a hummock may be measurec in cable

lengths whilch are then converted to meters by means of a table,

The height of the hummocks is dete'mined by means of an
artillery binocular, The distance to the hummock is counted on
its eorid, For the purpose the formula h = 0,001 nl is used.

h is the height of the hummock, and n is the reading on the

crid in thousandths of 1.

If no range-finder is a-ailatle, hummock height is measured
only when the vessel approaches within a few ms The m=an height
is found by observation of 15 to 20 hummocks which are compared
from the most convenient spot from thre vantage point of the vessel's

deck,

No method has leen devised to measure the submerged part
of the hummock which is of great importance in deterwining the
navigability of ice. V. I. Arnol'd-Alyab'yev has found on the
basis of certain actual measurements that the bupyancy of a
hummock, i.e,, the ratio of its visible to invisible portions is
approximately 0.5 to 0,25 on the average. Taking the average
density of the visible portion of a hummock as being equal

approximately to 0,5 and measuring its height and width one may
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thus measure the weigh of its invisible portion, which will be:

Py . fisHL
where P; 1s the weiqht,)o is tha density, B ths breadth, H the
height, and L tre length, or Py = Eﬁl tons per linear m of hummock

(ridze).

The rvatio o” the weights of the sub-surface and visible
portions of a hummock depends upon the specific gravities of ice

and sea water.

P1=E%{-P2-P2(7i-—-l)

from which one obtains

IR RN

P2 JAN
in which Py is the we ght of the visible portion of the hummock,
Py ig the weight of its invisi ble portion, & is the specific
sravity o° the sea ice, and g’is the specific zravity of sea

water.,

The specific grasity of sea ice usually fluctuates between
0.7 andé 0.9. Thus in salty sea water, the ;%— ratio may fluctuate
between % and 1/7 which is valid for individua® hummocks, in which
the alevation of the visible and invisible portions is approximztely
the same., Fummocks in the ice cover have a sub~surface width
considerably lsrger than treir surface aboves the water (due to the
considerable thickness of underthrust gtrata), The visible po~tion

of the hummock or pressure ridge usually rests on this underthrust

H
ice, which is why the == ratio comes to only ¥ - %.
2

The methods, far from satisfactor;, by which the underwater
height of a hummock is measured simultaneous with the height of its
visible portion includes the use of a disc to measure the transparency

of the water, The disc is lowered from the vesssl by sounding line.
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One of its edges is then maneuversd beneath the portion of the
hummock sitting deepest in the water. A reading of the line is
taken at tlhe roment w!en the disc disappears beneath the hummock.
This method gives satisfactory rosults in measuring compact

hummocks of monolithic structure, floating alone.

Stanukhi are measured by dstermining the depth of water

around them,

In observing hummocks it is suggestsd that note be taken
not only of their height and the depth of the invisible portion
below the water, but also the type of hummock, the dirzction of

pressurs ridges, the asze, and general hummockiness of the ice.

Observations of the closing and opening up of the ice are
made visually, by means of a scale developed in 1932 by the
Maritime lJepartment of the Hydrolozical Institute, and supplemented
by the National Institute of Oceanography as a result of obszrvations

during recent years (Table 20).

Closing of the ice is understood to mean the process of
solidification in which slob ice is pressed into shape, squeezed
and hummocks formed with resultant difficulties of nativation
(sometimes bringing vessels to a standstill or even destroying them).
By opening of the ice is meant a decrease in consolidation, This
is accompanied by partial settling of hummocks and the parting of
large cakes the space betwean them becoming filled with slob ice.
Opening of the ice permits even rather weak vessels to progress

fairly readily.

Occasionally one still hears the northern seaboard phrase
"the ice is being mowed,"™ This means that closing or opening is

progressing in various directions, with the result that if no
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observations had been taken prior to the onset of this phenomenon

it is difficult to decide which process is actually underway.

In 1953 an Interdepartment al Comnission recommended the
use of the fol . owing rradations of characteristics in observations
of ice closing and opsning, the recording of these henomena being

formalized therebys

(1) very close ice;

(2) close ice

(3) fluid ice, i.e., ice of 8 to 10 point consolidation
beginring to separate after closing and

(4) openinz ice: ice the compactness of which is declining.

TABLE 20
SCALE OF ICE CLOSING AND OPINING
Characteristics Signs
(2] (3]

Rapid opening Ice eonsolidation decliness by a point or more per
hour. Recently-formed hummocks, wiich have not
had time to freeze solid, sink back,

Average opsning Ice consolidation deeliness, but not as rapidly,
the rate being less than one point per hour,
Level fields of ice develop cracks. The channel
behind an iceireaker widens rapidly,

Slight opening Leads open ver: slowly, sometimes at a rate
invisible to the eye. Cracks appear in ice
rind covering leads. Slob ice squeezed together
comes apart. Ice roves away from the side of the

ship, The ohannel behind an icsbreaker widens.

— N
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(2] (3]

No visible change No signs of closing or opening in an hour's time

Slight closing Leads narrow every so slightly. Rind in cracks
becomes compressed and the slob ice begins to
undergo compression, The channel betind the
icetreaker narrow. slightly.

Average closing Leads close noticeably and the o nsolidation of
the ice increases less than one point per hour.
The slot ice becomes compressed. The channel
bel.ind an icebreaker closes quickly.

Rapid closing Ice congolidation inc-eases one point or more
in an hour, Hummocking occurs in the consolidated

ice.

There are times when it is difficult %o discover whether the
process occurring is closing or openinz, In such instances, the
Journal entry reads "closing or opening."™ Should other factors
(darkness, fog, etc) make it imrossible to determine the reason,
the entry reads "not established," and if no changes in closing

and opening are noted, the entry reads: "No noticeable change, "

Observations of indistinct closing and opening during National
Institute of Oceanography expeditions on the White Sea were made
by means of artillery binoculars, a pancratic tube or a shipboard
ice gage. The method empluyed which was proposed by V. L. Tsurikov,
involves observations on the closing and opening of the ice from

aboard a ship drifting at the edge of a lead, and also in the ice.

In the former instance, the obssrver, N, uses the reticule

of his artillery binoculars C, to calculate the distance between

the 2 points A and B on the opposite side of the lead and a target

on the ice presented by a single ropak, a pressure ridge or an
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appropriate cake (Figure 57). On repeating ithe reading after a
pariod of time, the distance betwesn points A and B is increased
if the lead widens or decrsased if it lessens. In the former case,
tre distance between the points increasss and they take on a

new position (A' and B'). T:us, w'en the lead widens, the angle
AVB declinns, and vice versa, when it narrows that angle increases,

» fact that is reflected accordingly in the binocular reading.

In the second case, the ship, .rifting in the ice, is
surrounded by a number of leads (Fizure 58) the width of which is
neasurad from the highest point on the ship (tre captain's bridge,
the top, etc). Wren this is tie measurement tre widt of the lead
will be: AB, CD, EF, Gi, After a brief period has elapsed, a repeat
obs=rvation from the same point (Figure 59) makes claar that the
width of the first lead has widened and become not AE, but A'B.

The widening of the lead resu:ts in an increase in the angle AKB
as well, the result being A'NE, Opening and closing in other

leads is determined analogously.

The state of the ice rind and slob ice in the leads is a

very good index of closing and opening.

When closing or openinz occur, the ice rind, as the thinnest
type o7 ice is that most readily destroyed, so that opening produces
eraiks, while in subsequent clnssing, individual pieces of ice rind,

erushing into sach other, form the characteristic toothed effect.

In closing, slob ice becomes packed so tight as to be able

to sustain the weight of a man.

The degree of clnsing of ice is very well characterized by
the scale in Table 21 used by the Arctic Kesearch Institute for
observations in the hkigh Arctic, where powerful compression creates

areas where ice may be navigated with difficulty if at all,

.93 -
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TABLE 21

SCALE OF ICE COMPRESSION

({Note] Compres.ion is a factor recorded only for ice
showing 9 to 10-point consolidation and . ot younger tian gray
young ice, i.e., thickness is not less than 15 cm if this last

type of ice predominates),

Description
Ice "on the mo-e" (This phrase means that ice of % or 10=-point
consolid tion has begun to show motion prior to openinz).,
Weak closing, In the compressicn zone, small patches of open
water may be seen, There are occasional f'acture hummocks, and
stratification of young ice. Broken ice is squeezed onto the
edges of cakes as a rasult o the general packing.
Marked compression. The indivi dual leads in the compression zone
tend to closs. The'e is hummocking where the ice is weaker and
at junctions between fields. Stiratificatiosn of young ice occurs.
Broken ice piles up into a solid mass and bulges forming ridges
("pillows"™). Heavy ice has not ieen found to hummock.
Solid compact compression, There is intensive hummockinz of
winter ice which also affects polar ice in part. FRidges of

broken ice form everywhere., Th3 young ice is chiefly hummocked.

In the high Arctic the possibilities of naigation decline
with the inereased packing of young ice, particularly if this
occurs where it is intermixed witl winter or polar ice. Therefore,
a special 5-point scale (Table 22) has been introduced for this
ice, to facilitate evaluation of the degree to which the residual
ice present in the fall ﬁas frozen together. These observations
are made from the day that stable ice formation begins, Descriptions

of the development of the ice cover, without point indication, is

-9l -
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made, of all signs of ice formation and of further de ielopment

until stability has been attalned,

TABLE 22
FREEZING SCALE

Points Description

0
1

No signs of freesing

Elementary forms of ice: slush, sludge, snow sludge, appear
among residual ice,

The surface of the water between residual ice is completely
covered with primary ice forms (slush, slu:ge, etc), while ice
rind may be seen in places.

Ice rind predominates in the types of younz ice seen among
accumul tions of residual ice. Young rey ice ma, be seen

in svots, The residual cakes freeze into ice fields.

Young sray ice predominates among the young ice formed amidst
accumulations o residual ice., Oraz-white ice begins to appear
in spots, Level ice begins to appear everywhere,

Jrey-white ice begins to predominate among the accumulations of
residual ice. White ice appears in spots., The ice co-er takes
on its typical winter form and consists of fislds of le.el ice

for the most part.

Observations of tie drift cf ice moved by wind and currents
of various speeds and in various directions may be made. In summary
form for a particul:zr period of time, by determin.tion of the coordinates
of a .essel drifting with the ice. Should the vessel be standing
at anchor, these observations are made visually, for the most part,

the appropriats scale {Table 9) being used.

While the ship is drifting in the ice within the limits of

.95«
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visibility of the shore or in the open sea, navigational, radie-
navigational, and astronomical determinations of its position must
be made systematically., The accuracy and frequency of these deter=
minations of the coordinates of a drifting vessel governs the
accuracy and reliabilit  of data on drift obtained by slaboration

and analysis of this data.

Accurate plotting of the course of a drifting vessel on
a large-scale chart makes it possible to calculate the direction
and rate of drift for any desired period of time, To study thae
principlas of drift, it is necessary in addition to make more
frequent wind observations, It has bsen found in practice that
highly interesting and -aluable drift data may be obtained if
obs~:rvations are carefully pursued not only by special driiting
expeditions but by vessels acciuentally nipped by the ice. In
following drift, it is also neressar; to pay attention to discre-

pancies in the plamnning and sathering of all supplementar. naviga-

tional data (compass correction, ete) needed in the processing

of material,

In addition to systematic determ nztions of the location
of a drifting vessel, it is necessar; to make direct observations

of drift by use of the sounding-lead. This is done as follows,

The lead is lowered from the ship's winch or from a reel,
As soon as it touches bottom a stop-watech is started. The length
of 1°'ne h is measured, and slack is im-ediately paid out, so that
as the drift proceeds the cable continues to unreel from the drum.
When a certain amount of time has passed, which depends upon the
depth of the spot and the rate of drift the winch 1s stovped and
further paying out of the cabla ceases. When the cable is again

tense, the stop-watch reading is note:, Now the length of the

- 9 -
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cable paid out 1 and the angle at which tha cable deviates from
the ertical is noted, When the values of h, 1, t, and have

been ottained or even only some of them (h, 1, t or h, t, ), various
mat' “matical means may be used to calculate the rate of drift

during the period of observation, This is usual!y done on the formula

Sx ¥ 9t
t

Yknots %

in which K is 1,942, the conversion factor from meters rer second
to knots and h1 is the depth of the sea in meters, with the addition
thereto of the elevati-n of the pulley or reel above sea level:

hy =h+g, h tg ~ being the total drift during t seconds, or d;.

Table 23 presents depths and slacks for a lead line paid
out from a ship. To obtain the rate of drift, the value found

on the table is divided by t saconds,

¥. V, Burakovskiy's nomogram (Figure 61) is used as follows
to calculate tre rate of drift, The depth m-asured h, is plotted
on the bottom scale hy, from which a -ertical is drawn on the right
side of the figure, to intersection with arc 1, cor esponding
to the length of cable paid out. A horizontal line is drawn from
the point of intersection until it intersects the vertical scale
4y, where the magnitudes of drift for t seconds are given. Armed
with this value we turn to the left side of the nomogram on which
the dt value is plotted on the corresponding scale, A straightedge
is then used to connect this point with the figure representing
the number of sesonds during which the cable was paid out as
found on scale t. The point of intersection of the straightedge
and the intermediate scale, v, zives us the desired rate of drift

in knots.

Simultaneous with the observations of rate of drift, one

-97 -
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determines its direction (within 5° accwracy). This is donme by
‘eans of a ship's compass or an instrument for measuring angles.
Pointing the zero on the vernier of such an instrument at the bow
of thes vessel, and finding an orientation parallel to the plane

of the diamete-, one finds the dihedral , between the diametric
plane of the vessel and the vertical plane passing through the
soundin’ line overboard, In determining drift from the starboard
side, the direction will be: true course + 180° + , while

from the port side it is true course + 180° -

In addition to the pro:ressive movement of the ice, it is
important to know the rotation of drift ice around iis vertical

axis,

Observations of rotation are particularly important in a
period when a vessel frozen into the ice, imitates all the motions

of the latter and drifts with it as a unit.

Rotatory moticn is due to the friction of i‘e with the shore,
with the adjacent field and with ice massifs. Irregular winds and

currents are capable of havinz a major effect on the rotation

of the ice. Otservaticns of rotatory movements such as those made

by Ya. Ya. 7akkel' during the drift of the S. 3, Chelyuskin in
1933«1934, r-quire nc more than ;gstematic readings of the compass
course on :the ship's main ccmpass, The frequency with which such
observations need be made depends upon the rapidity with which

there is change in the compass course. If change occurs from hour

to hour, ovservations should be made at that interval. Observations
of rotary motion should be accompanisd by reasonably frequent checking
of the compass itself, as deviations in a magnetic compass occurring
with change in magnetic latitude can produce significant distortion

in the observations and conclusions therefrom.

-98 -
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The corrected compass courses entered cn the chart in a
given scale make it rossible to determine the direction and speed

of rotatory movement of the ics.

Ice ma-pin- t at is, sketchin: of the ice conditions as they
change along the cuurse of the vasssei, or periodically during its
drift, is conducted during the entire period of observation, Outline
maps of the given sea are used for this rurpose., 1:1,070,000 and
131,500,000 maps suffice for description of the general ice conditions
in the sea, while maps on a significantly larger scale are needed
for detailed ice reportinz, and the convoyin- of vessels through

the ice.

The course of the vessel as shown on the navigation chart
is entered on the outline maps or iracing sheets (Figure 62).
(This is usually done somewhat after the last previo s plotting of
course when the correction course h:s been entered on the chart.
Prior to this, the 1ce situation is drawn in rough draft.) The
beginning of sach 2l-hour period is noted by entering the date,
The entire ice situation is entersd in symbols along the plotted
course of the vessel, the limits of visibility being indicated.
Changes in ice conditions and the time when they wers noted are
also indicated. It is o particular importance to sketch in
cranges ‘n the compactness (coverage) of ice and the general outline
of the ice edwe. It is important to note the time when the drift
of the vessel begins and ends, the drift proper being indicated by

an irregular line.

All supplementary data, notes and descriptions of ths ice
situation are eniered on blank places on the outline chart or

tracing sheet, and appendsd to the observation journal,
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Observations of hydrometeorological features are conducted
parallel to the ice observaticns conducted from the vessel, and
are inextricably interwover therswith, Of particular importance
in ice o servations are studies of wind components, visibility,
and waves, Visibility from the ship is determina:d in the same
manner as from the soreside ice point, a 9-point scale being
employsd for this purpose. The elevation of the observation
point from which the observations are made is of high importance.
Usually, all ice observations from a vessel, and visibility notes
are made from the captain's brid-e. In some cases tle top of
the crow's nest is us~d in which case it is ~ssenttal to record

the eclevati-n of these points in the log.

The direction of the wind is cdetermined by meamns of the
ship's compass (with allowance for inclination and deviations),
and its rate, by anemometer. The true valus of both masnitudes,
with correction for the spsed of the vesssl, is arrived at by
wrarhic plotting or by t'e circles of Rudowitz, Druzhin‘m, or
similar methods, If waves and swell are noted during a voyags,
particularly near the ice edge, this is of marked signi‘icance,
and it is therefore essemtial to 1look out for this, and note it
in the log, These records are kept on a point scale for direction

and strength of wind and wave,

TABLE 23
DETE"MINATION OF FATE OF DRIFT BY “TASURED EVELATION (FR ¥ WINCH
PAY-NUT SCALZ TO OCTAN FLOOR) AND SLACK OF SQUNDING LINE. (LENGTH

AND 3LACK IN )

Elevatinn Lo Elevation

(1]
10
11

(=] [6]
95 72
97 o
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observer's gye
i

s

: side of vessel

Figure 51. Method of measuring ice Figure 5?. Method of measuring ice

thickness by boom-gage thickness by artillery binocular

top view side view, glass bottom view
covers removed
Figure 53, Shipboard gage, Arnol'd-Alyab'yev t.pe. A: beam; B: cross-barj

C: rollers; D: holes

Figure 5L. Arnol'd-Alyab'yev gaze . Ficure 55. Andreyev apparatus. (1) Battery
in working position alongside ship carryinz-case; (?) handle; (3) switch button;

(L) focussing spindle; (5) projected scale
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Figure 56. General “iew of shiphoard ice gap

Figure 57. Opening of ice. Vesusel drifting Fizure 53, Leads around vessel

at edge of lead. drifting among cakes

Figure 59. Openine of ice, Vessel driftirs Fizure 60, Deternination of ice

v

among cakns ari ft, from vessel frozen in ice

. \ )
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¥

Scales
111,000,000
alor.r HOLR
para:lel

Figure 62. Ice mapping from a ship. (1) needles, slush, sludee,
snow sludre; (2) fields; () floes; (L) larse cakes (to 15 cm

thick); (S) small cakes; (6) la‘ge cakes, 15 to 20 cm thick;

(7) icebergs; (8) stamukhi; (9) conseclidation index; (10) fast

ice; (11) thickness of ice, em: (17) number of fields in points;
(13) ice edrme, fast ice edee, boundaries between areas of identical

consolidation (isoproints); (1) ship's course; (1%) ship's drift.

"
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[Pages 123-142]

CHAPTEP VIIT

OBSERVATIONS OF THT PHYSICAL AND MECHANICAL PROPERTIES OF S:A ICE

In studles of sea ice researchers are interested not :nly
in the external signs of the state of the ice cove~ and the changes
in these signs in time and place, but also in the cn sical, physical
and mechan’cal characteristics of the ice indissolubly bound up witl
the foregoing, Study of ice in this fasiion is important not only
for a fiulle and more allesidecd unders.anding of the ice regime
of various seas, but is also of independent intevest, as the
physical and mechanical properties of ice have much significance

to the design and stress analysis of hydravlic engineering.

Study of the physical and mechanical prope-ties of sea ice
are a rather new branch of research in the US3R, w!ich began for
all practical purpos's, after the Great October Socialist Fevolution
and is to this day pursusd on an inadequate scale, To some degree
this is a reflection of the considerabls dif“iculties encountered

in this type of research,

At present, various methods of determining physical and

mecharical ice indices unde field conditiosns have bezn devised.
Below ws describe some of the methods in widest use.

Physieal Propertiss of Sea Ice

0f the physical parameters of sea ice those most frequently
deternined under field conditions are density, air space content,

temperature, and thermal expansion,

1. The density of lce is one of its most important characteristics,
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in terms of a number of theorstical questions having to do with ice,
and particularly for practical reasons. Th~ density of sea ice
depends on tempe-ature, the salt c ntent contained bsiween the ice

crystals, and the content of al> and water bubbles,

Tie experimentally-dete mined formula for the density of pure

freshwater ice without air~bubb1gs is exp-essed by the following formulas

7o
‘1 "1+ 0,000165¢

-

in which 2 1 is the density of ice at the given temperature, .  is

its d nsity at 0%, and 0,000165 is the mean volumetric coefficient
of t e thermal expansion of ice. It follows from this formula that

the density of freshwater ice declines as its temperature increases.

The temperature dependence of se=a ice is mo e complex, as
tre salt solution contained between the ice crystals affects its

thermal expansion as the ice temperature changes.

I° the s:a ice was initially of low tempe-ature anc salinity,
its density declines with -ise in temperature. I, however, se:
ice was initially of high temperature and salinity, further increase
in temperature would result in an increase in its density. Changes
in the density of sea ice in connection with changes in temperature

are relatively small and do not usually exceed 0.01.

The densit: of sea ice varies with salt content witkin
wider limits, pa ticularly at high temperatures. Thus wken the
temperature of ice is «2° and its alinity is 2% its density is 0.92L

while at the same temperature and a salinity of 15% it is 0.953.

The relati-nship of ice density to the air or gasebubble

content is expressed ity the following formula:

-

CIa ol - =)

L
100

- 108 -
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in wiich 0 is the density of ice free of air bubtles, and n is

the porosity of the ice i,e., the ratio of the volume of air or

7as bubbles found in the ice to total volume, expressed in percentage.

I'nder field conditi-ns tire ice density is usually dete:mined
either by hydrostatic weighing, or by a method developad by /. V.

Shuleykin,

The hydrostatic method consists of weighin: the same -leces
of ice, 200 to 600 grams in weight, in air and in kerosene (Fijzure 6L).
Before weighin-, the kerosene trmperature is determined and its

density ( ) found on a table for this purpose,

The ice temperature is taken to be that of the air in the
room (or the thermostatically-controlled chamber) in which the ice
is kept for an extended periocd prior to tie test., To avoid changes

in the ice temperature it must be weigzhed fairly rapidly.

The dens 'ty of the ice is calculated on the formula:s

_P
I"%.p
in which P is the weight of the ice in air, and P, is its weight

in kerosene,

Shuleykin's method consists of ‘etermining the volume of a
fioating plece of ice on the boarder between 2 liquids of differing
density., A piece of ice 200 to 250 grams in weight is lowsred into
a vessel (Figure 65), filled with water on the bottom and kerosene
at the top., Ths piece of ice floats on the boundar; surface between
the 2 liguids. There are 2 openings in :he vessel, One is in its
lower portion and the other somewrat above the nid-line. Three
to 5 mm glass graduate tubes are fused to the openings and act as

gages. The vessel is filled with watzr to somewhat below tne urper
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opening. Readines on the graduate tubes (to an accuracy of 0,01
cn) o the levels of the 2 liqiids before and after the ice is

immersed permits the density J‘i to be calculated on the formula:

Vléll +V? d"?- (Vl +V2) 311

in which &’i and c;; are the densities of the water and kerosane,
raspectively and V; and Vo are the volume of the particles of ice
immersed in the water and covered witn kerovsene, Vl and V2 may
be expressed by the differsnce between the levels of the liquid
refore and after imersion into the ice and by the cross-section

of the ves.el,

The final formula for ice deansity calculation looks as follows:
dp-d,2
I ly

in which 51 is the specific gravity of the water in the lower

1
portion of the vessel a is the difference in the readings of the
water lovel and b is the difference in readings in the kerosene

level.

The temperature of the water and ice are determined in the

same manner as in hydrostatic wsighing.

2. The spaces in ice like its density, constitute a paraneter

of tte hizhest importance in char:cterizing ssa ice.

The cavities in ice affect its density, strength, and

conductance as well as its optical and other properties.

The cavity content of ice is determined by the volume of
air it contains as bubbles smitted during the thawing of a given
piece of ice of known weight. The volume of this air is measured

by special instruments. In the USSR the instruments in widest use
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are those de-eloped by V. I. Arnol'd-Alyab'yev and V. V. Shuleykin,

The Arnol'd-Alyab'yev instrument (Figure 66) consists of a
glass beaker a thick-wall:-d glass bell with ground-glass neck, and
2 burette having a cock at the bottom and a bulge in its upper
po-tion. This bulge collects the gas emitted during thawing of tie

given piece of ice.

The piece of iece, weighed at the outset is placed beneath
a bell in the beaker which is filled with kerosene or turpentine.
The bottom of the -uretta is fitted into the neck of the bell,
The burette is then filled with kerosene by suction from the paaker
conta’ning the plece of ice under test, and the coek is closed. 4s
o result of the thawing of the ice, the air from the spaces in the
ice accum:lates in the upper part of the burette. After the
ice thaws complstely and the intake of air csases, the air
volume V is counted off in cubiec cm on the burette. The height
of the kerosene or turpentine column in the burette and consequently

the volume of the spaces in the ice specimen depen:s upon:

(1) %he pressure of the gas in the space between the cock
and the moniscus of the llguid;

(2) the external air pressure;

(3) the wei ht of the column of liguid from the level in
the glass to the meniscus;

(L) changes in the volume of the burette under the pressure

of the external temperature.

The first 2 factors are covered by a factor of correctiont
K._——H—-———-
760 (1 + at)

in which H is the atmospheric pressure at the moment of reading and

t is the air tamperature in the burette, i.e., the tempsrature of
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the building in which the test is made wnile & is 1/273 the

coefficient of thermal expansion.

Trhe sign of the correction for the weight o' the colunn of

liquid Ky, is oprosite to that for X and is calculated on the formula

hdy
R DN

in which Hp is the no mal pressure in zrams, and ¢ Ls the density

of the kerosere (liquid} at the gziven temperature.

The values of XK and Kl at various :' and t are calculated
in advance. The chanre in tte volume of the burette under the

influence of the suroundins temperature is not taken into consideration,

The complete formula for applying the reading of V on the

burette to the volume of the spaces under normal conditions iss
VO e (K - Kl)V

Usually, the volume VO pertains to unit weight or what amounts

to the same thinz that is to the unit volume of thaw water,

The Shuleykin instrument (Figure 67) co-sists of a glass beaker
about 5 em in diameter, containinz a plece of ice some 100 g in
weight and a glass hood with a buretts equipped with a valve and
a small reservoir having an opening. The unction point between
beaker and hood is conical, ground in, and smeared with vaseline
to prevent the entry of air. A spout is fused to the bottom of
the beaker. Seated on the spout is a ~ubber tube to admit liquid
(turpentine). A piece of ice of known weight placed in the turpentine
thaws. The water accumulates at the bottom of the beaker, and the
air from the spaces in the glass rises to the top of the burette

where its volume is counted off downward from the cock,

-112 -
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The air-space content of the ice 1s calculated in the same

manner as with the A nol'd=Alyab'yev instrument.

3, The thermal expansion of ice is one of its most imoortant
properties and is of practical value as changes in the volume of
jee due to fluctuations in the temperature of air above the ice
cover are a cause o” the great pre:sures exercised by ice on
hydraulic engineerins structures. It must be stated however, that
very 1ittle stud: has been given to this property of ssa ice and
a method of dotermining the coeffieient o? thermal expansion of
ice in the field has hardly been worked on at alle, BEelow we dascrile
a method of caleulating the coef’icient of thermal expansion of
ice developed by the 3wedish physicist Malmgren durin: the drift
of the "™Maud" in the Tast Siberian Sea from 1222 to 1%L, He
“ound the coefficient of them al expansion as the ratio of increase
in the speeific volums of ice to the accompanyins increase in

ice temperature,

The Xalmzren instrument (Figu-e 683) consists of a cylindrical
iron vessel known volume (L50«500 cc). One end of the vessel is
open, but may be screwed tight by =eans of an air-tight cap.B.. A.
calitrated graduate tube €, the bottom of which is on the same level
as the lower surface of the cap is pushed through the cap. The
weight of the entire instrument M is dete mined to an accuracy of
0.01 g. The total internal volume of the vessel and the glass tube
to any rraduation is calculated by the known coefficients of thermal

expansion for iron and glass,

To determine the coefficient of thermal expansion of ice,
one prepares a sp-cimen of ice the shape and dimensions of which are
similar to those of the vessel, The weight of the ice specimen P

is also measured to an accuracy of 0,01 g, All air bubbles are

Sanitized Copy Approved for Release 200/04/19 : CIA-RDP81-01043R000200230013-6




Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

ramoved from the walls of the ice specimen and from the inside

wal ‘s of the vessel bhaofore the ice is rlaced wit in it, The
immersion of the ice spscimen in a vessel coatalning kerosene,

and the removai of the air bulbles is pasrformed in a kerosene

bath at 1ow temperature without access of air. 4s soon =8 the

lce specimen has been placed n the ves:el the cover is screwed
down tight and the apparatus is removed from bLie kerosene and shaken
vizorously until air bubbles from the vessel no luner enter the
tube. The apparatus is then wiped dry ard weighed, to an accuracy
of 0,01 g, The known weights of the full vigsel g g, of ths anpty
vessel M z, and the ice specimen P g are used to caleulate the
welght of the keroiene P g remaining etween the .alls of the

vessel and the ice spscimen,
Fega-(Pa+M)

The specific volume Wy of the ice srecimen at any temperature
t is cdetermined on the tas's of the total voluma Vt of the kerosens

and the ice,

This 1s done as follows. The full vessel is immersed into
a kerosens tath of ¢ temperaturs where it is kept for L or 5 hours
(so as to permit the ice specimen to acquire a given temperature),
4 reading of the position of ths kerosene in the glass tube is
then taren. The insice volume of the instrument (Vt) is expressed

by the formulas
F
Vt = ﬁ + gwt

80 that the density of the ice 1is

.
ot

wl(v
tT gt

where a— t 18 the specific gravity of the kerosens at t degrees,
g 18 the weight of the ice and I the weight oY the ice and kerosens

in the instrument,
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Given a series of values of wt (the sp2cific volume of the
ice) at various temperatures, the coefficient ol thermal expansion

of the ice Uy, 1s obtained from the formula:

in which A % and At are ths respective increases in the specific

volume and temperature of tie ice.

k. Ice temperature is of partieular interest both ror the
sciantific and practical rcasons. Problems of heat exchange between
ice and the surrounding water and air, and the principles of the
process .f thaw,the strength of the ica cover, and a whole number
of ceneral and ssecial problems in the study of ice are incapable
of solution without knowledgze oi its thermodynamics. Unfortunately,
gystematic studies of the temperature of ice in natural conditions
are not made even today, although the field methods of measuring
ice temperature are now entirely reliable, These metrods incluae
the measurerent ~f ice temperature by means of resistance thermo-

meters and ther-ocouples.

Measurement of temperature by electric thermometers (resistance
thernometers) consists of deter:ining the changes in the electrical
resistance of a fine (0.05-0.10 mm) nickel or copper wire, depending

upon the temperature of the surrounding medium,

The apparatus for measuring temperature by electrical

thermometers consists of the following major component (Figure 69):

-pgsistance thermometers (a), measuring instruments and leads to them

(d, e, f, k, m, n), a current source (1), and a standard commutator.

Resistance thermometers consist: of fine nickel coils in

a brass cylinder, a cartridge protecting this element from mechanical
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damage, and a 3 strand cable with gutta-percha insulati-n., The
measuring instruments consist of a sensitlve galvanometer f, and
a resistance bridge m, mounted in a single box. A 2 or 3 volt
battery serves as source of current 1. The wires connecting the
ther ometer ocoil with the measuring component are also capable of
undergoin’ changes in resistance, Therefors in order to deal
only with changes in the temperaturs of the coil itself the third
strand of the cable is attached to the end of the coil, This is
then connacted to th- branch of a standard-rasistance bridge.

The thermometers are graduated for the entire possible range of

temperatures to be measurad.

The thermometers are ‘rozen into the ice as follows., A small
hole is chipped in the ice. £ board 25 to 30 cm wide and .ong
anough to permit observations when the ice attains the greatest thickness
that may be expecrted, is frozen into the hole., Thermometers are
mount d to the board at specified levels. As the 1ce cover thickens
each thermometer successively freezes into the ice. The lesd wires
are laid over snow atop the ice, and are buried in more snow, A4
table, the base of which is frozen into the ice is set up nearby
to carr: the other instrunents and batteriss (Fizure 70), Before
the readings all the leads from the thermomsters are connecited to
the measuring instruments, Readings on the dial of the resistance
brid-e are taken for each thermometser in order. By moving the
s)iding resistance contact along the rheochord m, a point is reached
at which there is no current in the ~alvanometer. This is checked
by pre sing the current switch button. At this point the reading
is taken, The rheostat reading is converted to degrees centigrade

by means of a calibration curve or table.

Thermoslectiic measurement of ice temperature is based on
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the development of current in the circult between 2 couples of
different metals at different tewperatures (Fipure 71). One is

in contact with the medium whose tem:erature is beinz determined

and the other of known temperature 1s connected to a sensitive
galvanometer. The foliowing metals of which the corresponding couples
are made are the best suited for this purpose: constantin and

copper; constantin and iron, and constantin and silver. The ther-
moelectric current of these couples is related to ice temperaturs

by the following formula:

Dea () +b (g)° + ol

in wihich D is the thermoelectric current,t is the temperature of

the ice and a, b and c¢ are constant coefficien:s for the given

couple as indicated in the table below.
TABLE 2l

Constant coefficients
Thermocouples a b c Interval
Cons tantin-copper 3.60 0.Lbk -0,023 -185 to 500°
Constantin-silver 3.38 0.348 -0.05% -0.055 to 600°

Constantin-iron L.65 0.374 -0.0L9 -185 to 600°

Calculation on the bais of measurements of thermcelsciric

force are based on the formula:
2 3
t-lOO(aLD+pD -»KD)

The values of g ,ﬁ ) K for the differant thermometers

are as followss

B e S
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TABLE 25
Thermocouples A P el
Constantin=copper 0.308 0.OLbLlk -0,00026
Constantin-silver 0.252 -0.0033L -0.0000L

Constantin-iron 0.227 -0.0045 -0.0001

The thermocouples are of fine-;auge, well-insulated wire,
0.3 mm in diameter, and are fastened to a woodsn board which is
frozen into the ice. Copper contacts are soldered to the zalvanometer
leads. The contacts are marked plus and minus, the sizns being
determined during calibration, which is performed as follows, 4
mixture of water and snow, into wrich onec of the ends of the ther-
mocouple is immersed is made in a glass beaker wrich may be either
a thermos container or a ¢ lindrical Uewar flask., The other end
of the cou le is placed in a spacious vessel containing alcohol
under constant agitation which is brought to various temperatures.
The tharmocouple terminals are connected to a galvanometer. The
temperatures of the alcohsl and the thawing snow a e measurzd by
an ordinary mercury thermometer, At the same time, a zalvanometer
reading is taken, and the value of a jraduation is determined. The
temperature coefficient, i.e., the percentage crange in galvanometer
reading per dagree of change in alr temperature, has to be known
for each galvanometer. The observations themselves are taken in
a manner analosous to the calibration procsdure, except that one end
of the thermocouple is immersed in the ice, the temperature of which
is being determined. A series of thermocouples connected in series
constitute a thermo<battery, (Figure 72). Its use increases the accuracy

of ‘the findings.

Mechanical Prépertiss.ofiSea Ice. -

The capacity of ice to resist various external forces constitute

its mechanical properties just as wit: any other solid.
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Study of the mechanical properties of ice in general and
of sea ice in particular is a very young branch of ice research,

and began in the thirties of the present cantury.

Vsry intonsive study of the mechanical propzrties of ice,
particularly salt ice, was conducted just prior to and during World
War II, primarily in conjuncti:n with probl ms of ice crousings
and the increase in the operations of the icebreaker fleet. However
due to the extreme lack of uniformity of ice cover as to structure
and c-mposition and the widely differing conditions of its develop-
ment and existence knowledge of the mechanical properties of sea

ice is very incomplete, desrite pressing practical needs.

Basiec Concepts of the Mechanical Properties of Sea Ice

Sea ice, like the vast majority of solids, has elastic and
plastic properties meanring that external forces may cause it to
enter elastic or plastic states, and that it is brittle only

under specific conditions.

Tre state of elasticity is characterized b, the fact that
the deformation of a body does not change during the entire period
during which a constant stress is brought to bear and is zero
after this stress ceases, so that the body returns to its initial

form and volume,

In the state of plasticity, a constant stress results in
constant increase in deformation, the residual deformation being
close to that existing at the moment when the force ceases to act.
It may be brought to zero by an opposite stress operating during

an identical period of time.

The state of brittleness is characterized by the fact that,

119 -
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under a constant stress, the body breaks into pieces gradually or
sudderly, and is therefore incapable of being returned to its

initial form and volume by an opposite force.

The elastic 1imit of salt or fresh ice, i.e., the stress
at which ice loses its elasticity and becomes plastic, is very
low, apparently not exceeding 0.6 to O, kg per square cmn, For
the ice of the Neva River the figure is 0,57 kg/cmg. ieterusination
of the elastic 1iuit of ice is not only of theoretical but of
practical interest (for analysis of crossings on ice, measurents of
the thickness of glaciars and icecaps by echo sounding, etc). Howsver
it is exceedingly difficult to find the true value of this 1liuit
under natural conditions i.e,, when ice overlays water. To this
day ~nly a very small number of even relatively reliable data
obtained by datermin-tion of the rate of propagation of vi.ration
in bars of ice (thus not under natural conditions) are available,
Determination of the elastic limit of ice is usually made by means
of the so-called elastic constants; the modulus of elastieity

(Young's modulus), Poisson's ratio, and the shear modulus,

The modulus of elasticity is the reciprocal of the coefricient
of linear elongation of a body due to the tensile effect of stress,
i.0a,

L

1
E o w— & e P kg/cm2
® AL

where E is the modulus of elasticity, ¥ is the coafficient of linear
elongation (or diminution), I is the length of the body (i.e., of

a bar of ice), AL is the elongation of the body under load, and

P is the weight of the tensils load per unit area of cross-section

of the body.

Poisson's ratio (¢’) is the ratlio of the coefficient of transverse

i,
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'

constriction or dilation to the coefficient of linear elongation (X ).

. B _Bp.ad AL
% ﬁE d‘I.

in which d is cross-sectional area,

The shear modulus (N) is the force required to revslve a normal

to an angle taken as unit (57.3%). It is calculated by the formula

n

If 2 parallel planes in a solid af ected by some force are
shifted with regard to eack oth-r so that the initial normal to these
~lanes is caussd to deviate by a given angle, then w = np, in which
w is the angle of inclination from the normal, p is the force at

work, and n is the shear coefficient (a constant for the ziven body).

The relation between the shear modulus, modulus of elasticity

and Poisson's ratio is expr-ssed by the formula E = (2N - 1)<,

Determination of the elastic constants of ice like d:ter ination
of elastic 1imit involves considerable tec nical difficulties and

is therefore not performed under field conditions.

Systematic studies of variability in the modulus of elasticity
and Poisson's ratio for ice have been made by V. N. Finegin, who

found the following:

(1) the modulus of elasticity shows a marked decline with

constant increase in stressj

(2) the modulus of elasticity is greater in deformation transverse

to the crystals than in longitudinal deformat ions;

(3) tre modulus of elasticity increases with decline in

temperature;

T [ -
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(L) the modulus of elasticity in the upper layers of ice is

greater than in the lower; and

(5) Poisson's ratio increascs with rise in load, and with

decline in temperature.

The stress at which a body losrs plastieity ard begins to
become brittle is usually te med the critical point, or (by analogy
to the elastic limit) the plastic limit. Tre state of the ice
in the plastic state is doubtless of high scientific interest, but
for practical workers it is impertant to know not the changes in
deformatisn while stresses are at work, but primarily the magnitude
of the plastic 1imit (the critical point, breating s-ress, or

strength).

If the use of ice as a building material is under study
(for ice crossings, varicus structures, etc), the minimal loads
at wich the  iven ice will indergo destruction are the items

of major inter-st.

However, if the problem is that of combatting ice (in
icebreaker work and stressanalysis of hydraulic engineering structures),
the prime factors for researcher and engineers are the stresses which

ice can withstand before breaking into pleces.

Reference to the mechanical properties of ice usually pertains
to deternination of its plastic limit (strength). As, in nature,
sutside forces affect the ice cover in a variety of ways, the force
(lLoad) brought to bear on ice in laboratory and field tests of

plastieity is applied in a variety of ways.

Most common are tests for compression, flexura, and tension.

Less attention is pald to determination of the plastic limit of
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i{ce on instantaneous compression (shock) and shear, Howaver, thesse
tests are also quite important in deter.:ination of the machanical

properties of ice, and ghould be made s3s tematically.

The mechanical properties of ice are tested on sampl:s in
the formm of rectangular parallelepipeds or cubes, with carefully
polished and accurately measured edges as it is necessar; to know
the cross-section of the ice specimen in the final calculation of
the plastic limit. These specimens are prepared as follows,
First a large block of ice is cut out. Tiis is then sawn into
bars, the dimensions of which must be 1 to 2 cm greater tian the
final specimen, to provide a margin for polishing., TFinally esch
bar is given accurate shape and polish either by an ordinar, car-

penter's plane or a special polishing lathe.

Cubes from 5 X5 X 5 to 10 X 10 X 10 cm are used in tests

of compressive strength.

“ectan ular parallelepipeds measuring from 5 X5 X 30 to
10 X 10 X 50 em are used to test floxure (fracture), tensile and

shock strength.

Prior to the test the ice is seasoned for an extended
period in a room the air temperature of which is the same as that
at which the test will be run. This is then taken to be tle
temperature of the ice at experiment. To prevent that temperature

from changing, all tests must be run quite rapidly.

Tn flexure tests, for which ice "keys" consisting of blocks
of various sizes, are used, the tempsrature of the ice is taken

to be eilther the air temperature at the moment of test, or the

temperature of the ice from which the "key" has been cut.

As the plastic limit of the ice depends not only on its
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temperature, but also on structure, porosity and salinity, these
parameters als- have to be determined. In addition, it must be
remembered that the m chanical indices of the vari-us layers of the
ice cover are not identical. They also vary with the direction

of the application of stress relative to the axes of the rystals.
The tests are therefore run on sp:cimens from various levels of the
ice cover and with tleir crystalline axes running in various

directions relative to that from which the outside force is applied.

¥inally, the mechanical properties of ice are dependent
to a considerable degree on the length of time during which the
load is applied, a fact that must be taken into consideration in

tests,

1. Tests of ice for compressive strength are run either in
one of a number of types of presses or on special machines. Below
we offer a brief description of the #ritman-3handrikov press

(Figures 72 and Th).

The worm gear 1, and wheal 2, actuated either by hand or
electric motor the inferior jaw L, serving as base, and carr:ing
the ice specimen 7, is raised on the threaded shaft 3. The
resistance of the specimen P, is transmitted to the upper jaw 8,
via a ball 9, at the bottom of a rod 10, which moving in the guides
11, actuates with its other end, the second-class lever 12, with a

force equal to the resistance of the specimen, By means of the
hanger, 13, the left am of lever 12, transmits this stress,

to the spring lli. The pressure transmitted

a

reduce by the ratio
Ba+a

is determined by the degree of deformation of the spring. The

deformation of the spring is evaluated (to an accuracy of 0.0l cm)

by means of the dial 15, which is mounted on the frame of the press.

\
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The formula for calculating the pl-stic limit of ice in
tests for compressive strengtl: looks as follows R = %3 kg per
square em, in which R is the plastic limit (the critical strength)
of the ice p is the force applied in kg, 1 is the length of the

specimen, and b the specimen's width.

2. Tests of ice for flexure are un on hydraulic presses
specially designed for the purpose, and also on Whitman-Shandrikov

and other pressas,

The simplest is the Arn-1'd=Alyab'yev press (Figure 75)
consisting of 2 extension frames from which a bar of ice is suspended
on rubber gaskets. The loac is applied upward by means of a swivel
arrangement, The bar to be flexed to breaking is in the plane of
the upper beams of the frame. The supports and the working edge
in contact with the ice are of hardwood, and are c;lindrical,
with ample curvature. Pressure is applied by turning the swivel
by hand, so that some unevenness in the rise in stressis unavoidable.
The pressure on the ice is measured by a dynamometer with an oval
steel spring. To avoid the possibility of spoiling the dynamometer
mechanism by rapid release of load when the ice bar breaks, a

spaeial safety device is provided,

The formula for deter:ining the plastic limit of ice (in kg
per square cm) to flexure on the Arnol'd-Alyab'yev press is as

follows:

3 1
RSP

in which R is the plastic limit in kg per cmz, p isthe streass applied,
in kg, L 1s the span of the frame, h is the height of the specimen

in emy, and b is its width in em,

Deteriination of the flexing strength of ice is also performed

by means of ice "keys" sawn from the ice cover,
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Such determinations enjoy a great advantage over tests of
small ice specimens, as they make 1% possible to obtain data on the

strength of the natural ice covsr,

There are several types of frames for testing ice "kays" for
flexure or fracture of which ti® most successful must be deemed that
desirned by I. P, Troshchinskiy. The advantage of this frame over
others lies in t'e fact that the ice "key" retains its connection

to the ice cover,

The Troshchinskiy frame (Figures 76 and 77) consists of a
wooden lever to one end of which there is attachad ar iron hook
carryins a chain which is placed beneath th: "key," while to the
othsr there is connected an iron bracket througzh which a screw with
a swinving handle-bar is connected, A dynamometer is attached to
the lower end of this screw and is firmly seated in the ice cover.
During the test of the "key," the wooden lever of the d=vice rests
on a support beam, the distance from the middle of the beam to the
point at wrich the iron hook is fastened to the chain, on the one
hand, and to the screw with the dynanometer on the other, being
measured accurately, This arplisnce makes it possible to make tests
for flexure (fracture) with stresses applied both downward and
upward, When the stress is applied downward, the apparatus is
a second-clags lever, 2nd when upward a first-class lever (Ficures

76 and 77).

The magnitude of a stres: dirscted aovwnward is calculated

on the formula

PL L
F= ¢ (£ + 1) — =+
while ons directed upward is measured on the formula

P RE-D% (e @oD AP
7L ) ‘ 2L

~

- 1% -

a
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in which P is the weight of the lever, p is that of the surport
beam, f that of the hook and chain, f; is the total weivht of
dynamometer, screw, handle, and other parts on the losg end of
the lever, L 1s the total length of the lever and 1 is the short

arm of the lever.

The plastic limit on flexure is obtained on the formula

6 Fa
T
in which ¢ is the critical point in kg per square cm, F is the stress
in kg, a is the length of the "ke:" from the point of application
of the stress to the fracture line, in cm, b is the width of the
"key" in cm, and h is the height of the "key" (the thickness of the

ice cover) in cm.

3, Tensile strength tests of ice make it possible to deter-
mine the elastic limit at fracture. In the simplsest arran-ement,
ths device for testing the ice consists of 2 clamps gri ping
the ends of the specimen. The upper clamp is zttached to a fixed
bteam and the lower to a pan for the load, A test consists of
adding weights to the pan until the specimen yields. The plastic

1limit is calculated on the formula

-2 2
R o kg per cm

in which R is the plastic limit, p is th: foree applied in kg, b

is the width of the specimen in cm and h is its height in cm.,

L, Tests of ice for shock may be performed on the V. S,
Nazarov swing impact machine (Figure 78). The basis of the
machine is pendulum carrying.a load at the end.  The pendulum is
attached near 1ts top by a mount having an angle gage to determine

the angle of swing after the specimen has been destroyed., Near the
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top of the mount which is fastened to a horizontal base, there is
a stop to hold the pendulum at the desirsd initial position, Ice
speeimens measuring from 5 X 5 X 30 to 10 X 10 X 30 cm are used.
The specimen rests on suprorts 10 cm apart. When everjthing is in
place the catch is emoved and the pandulum strikes the specimen.
Tastruction is by the blade of the pendulum, the contact portion

of whicr is a semi-circle of 5 mm radius.

The work verformed by the falling pendulun is calculated

on the formula
T, = p(2 + & cos®) + pyly(1 + cosX ) + lez(l + cosX)

in which TO is the total work performed, p is the weigh:t of the
pendulum, 1 is its lensth, 2 is the first weight added, py the
second, 1; the distance from the axis of rotation of the pendulum
to tge center of the f'rst weight (p;), 1 o the distance from

the pendulum's axis of rotation to the center >f the second weight
(p2), and B is the angle to which the pendulum 's raised in its
initial positi~n. After desiroving the specimen the pendulum
eontinues to swing and the heisht to which it rises indicates the

unexpended porti-n of its force.

The force expended in destroying the specimen by impact is

calcula'ed on the following formulas
Tqg = g(h - )

in which Ty is the work required to fra~ture the specimen, g is
the weight of the pendulum 93) with its weights, h = r(l + cos®)
is the height of the center of gravity of the pendulum before the
blow, and hl is the hsight of the center of gravity of the.
pendulum after the blow.

With allowance for losses, the final formula is as followsi

Tg=Tg- ATy =Ty + ATy
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in which AT, is the loss in the initial force, Ty, by friction in the
ball-bearings and overcominz he resistance of the air, Apr is the loss
in live force, Tg , as the pendulum swines by angle f3 after destroying

the spacimen,

It is necessary for the angle of elevation of the pendulum
in its initial position X, to be constant, as the constancy of the

force T, is depenient upon this.

For con-enience of calculation a table is used providing the

values of Tq k- relative to the angle # .

5. Shear tasts (Figure 79) are performed by a method cezveloped

by I, P, Troshci:insky.

An ice drill and a special reamer are used to hore an incomrletie hole
in the natural ice cover with a con:triction at a given depth (Figure 80).
The diameter of the hole is 3 cm, 2 cm at the constriction. The depth is
determined by the bit. The test consists of shearing the ring of ice.
The major component of the sh-aring instrument, a vplunger (1), consists of
a brass eylinder crnnected by a batl-shaped heel to the base 2, in the
form of a cnshion block., A steel tute 3, serves to transmit pressure
on the dynamomate» is transferred by means of a wooden lever 5, with
metal hackle by whrich the lever is seated on the tip of the dynamometer.
A steel cable fastened to the ice by a dog 6, is fastened to one end
of the lever. The ring is sheared tirough ty even pressure on the
handle of the levar. The moment of shear is determined by feel. The

dynamomete ~ shtows the maximum force exerted.

The critical point of resistance to shear is determined by the formula

P
R = w
dh

in which R is the critical resistance in kg per cm2, P is the stress
applied in kg, d is outside diameter of the ring in cm and h is the

height of the ring in cm.

Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6 N



P
ll Sanitized Copy Approved for Release 2010/04/19 : CIA-RDP81-01043R000200230013-6

Figure 6L. Apparatus for determining Figure 65. Shuleykin's apparatus for

ice density by hydrostatic weighing. determining ice density

Ficurs 66, Arnol'd-Alysb'yev's instrument Figure 67, Shuleykin's apparatus

for determing ice porosisy for daterminine ice porosity
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Figure 68. Apparatus for dztermining the

coefficient, of thermal axpansiow

of ice

Figure 70. Mothad of insertirg re-

sistance thar emeters in

N

Yipure £, Yetbhod ot connecting

stoane e bpermometers, (a) ther-
mometer, (b} commutater, () Y
crnpectiony (a) ">rzt.;“r)L; (e) bridge
aiad diisainaticny () ralvanometer;

core ctors (1) battery; (m) rheo-

clioriy (e von-tulion switch.
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Figure 7L, Desien of whitman-shandrikov press

"‘
- 132 -

} by
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B
cotbe o th ok

Figure 75. Design of Arnol'a-Alyab'yev press for

testing ice for flexturg

PN U TSR TR SIS

e @’:Z

Flaure 76. Desien of Troshchintkiy apparatus for testing "keys"
of ice for flexure 'stress dirccied downward). (1) "Keys,"

(?) bearing beam: () support beam

0
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Figurs 77. Troshchinsky's apparatus for ‘esting "xems" of ice for

flexure (stress dirs~ted upwari), (1) "Kay", (?) support,

)
|
3

94

[

Figure 78. Nazarcv's pendulum impact rasistance

of ice

Figure 79. General desizn of Troshchinskis's

apparatus for testing shear sirengir of ice

24 T el £
124 Trosheninsky's metrod
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